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[wherein represents hydrogen atom or a carboxyl protective group: represents hydroxyl group, a lower alkoxy 
group, or a substituted or unsubstituted amino group: represents hydrogen atom or a halogen atom: R represents 
hydrogen atom or a halogen atom: R^ represents a halogen atom or an optionally substituted saturated cyclic ammo 
group; R^ represents hydrogen atom, a halogen atom, nitre group, or an optionally protected amino group; X. Y and Z 
may be the same or different and respectively represent nitrogen atom. -CH= or -CR^= (wherein R represents a lower 
alkyi group, a halogen atom, or cyano group) (with the proviso that at least one of X. Y and Z represent the nitrogen 
atom), and W represents nitrogen atom or -CR®= (wherein R® represents hydrogen atom, a halogen atom, or a lower 
alkyI group)] 

or its salt, as well as an antibacterial agent containing such conrpound are provided. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to nov^ pyridonecarboxyiic acid derivatives or salts thereof having excellent anti- 
bacterial properties and oral absorption, and antibacterial agents containing the same. 

Background Art 

10 [0002] Many compounds having basic skeleton of pyridonecarboxyiic acid are known to be useful synthetic antibac- 
terials for their excellent antibacterial properties and wide antibacterial spectrum. Anwng such compounds, norfloxacin 
(Japanese Patent Application Laid-Open No, 53-141286). enoxacin (Japanese Patent Application Laid-Open No. 55- 
31042). oftoxadn (Japanese Patent Application Laid-Open No. 57-46986), ciprofloxacin (Japanese Patent Application 
Laid-Open No 58-76667). tosufloxacin (Japanese Patent Application Laid-Open No 60-228479). and the like are 

IS widely used in clinical practice for treating infections. 

[0003] These compounds, however, need further improvements in antibacterial activities, intestinal absorption, met- 
abolic stability, and side effects, and in particular, in phototoxicity, cytotoxicity. 

[0004] Accordingly, an object of the present invention is to provide novel compounds which are sufficient in such 
aspects. 

20 

Disclosure of the Invention 

[0005] In view of such situation, the inventors of the present invention have made an intensive study to find com- 
pounds which would be excellent synthetic antit^acterial agents in clinical practice, and found that novel compourKis 
25 represented by the following general formula (1 ) has good antibacterial properties to gram negative and positive bacte- 
ria as well as an extremely low toxicity, and therefore, would be a very useful synthetic antibacterial. The present inven- 
tion has been accomplished on the bases of such a finding. 



30 





[In the formula. R"* represents hydrogen atom or a cartx)xyl protective group; represents hydroxyl group, a lower 
alkoxy group, or a substituted or unsubstituted amino group; R^ represents hydrogen atom or a halogen atom; R^ rep- 

45 resents hydrogen atom or a halogen atom; R^ represents a halogen atom or an optionally substituted saturated cyclic 
amino group; represents hydrogen atom, a halogen atom, nitro group, or an optionally protected amino group; X. Y 
and Z may be the same or different and respectively represent nitrogen atom. -CH- or -CR^= (wherein R^ represents 
a lower alkyi group, a halogen atom, or cyano group) (with the proviso that at least one of X. Y and Z represents the 
nitrogen atom), and W represents nitrogen atom or -CR^- (wherein R® represents hydrogen atom, a halogen atom, or 

so a lower alkyI group.)] 

[0006] Accordingly, the present invention provides pyridonecartx>xylic acid derivatives represented by the general for- 
mula (1), above, or their salts, and antibacterial agents containing the pyridonecart^oxylic acid derivatives or their phar- 
maceutically acceptable salts as their effective components. 

55 Best f^ode for Carrvino Out the Invention 

[0007] The novel r^ridonecarboxylic acid derivatives of the present invention are represented by the general formula 
(1) as shown above, and the term "lower" used for the sut)stituents of the pyridonecartK>xylic acid derivatives repre- 
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sented by the general formula (1) designates that the substituent comprises 1 to 7 carbon atoms, and preferably 1 to 5 
carbon atoms in the case of a linear substituent, and that the substituent comprises 3 to 7 carbon atoms in the case of 
a cyclic substituent. 

[0008] In the genera! formula (1 ). represents hydrogen atom or a carboxyl-protective group, and the term, carboxyl- 
5 protective group herein designates an ester residue of a cartx>xylate ester, and the carboxyl protective group may be 
any carboxylate ester residue which cleaves relatively easily to generate the con^esponding free carboxyl group. Exem- 
plary cartDOxyl protective groups include those which may be eliminated by hydrolysis, catalytic reduction, and other 
treatments under mild conditions such as lower alkyi groups such as methyl groip. ethyl group, n-propyl group, i-propyl 
group, n-butyl group, i-butyl group, t-butyl group, pentyl group, hexyl group, and heptyl group; lower alkenyl groups such 
10 as vinyl group, allyl group, 1 -propenyl group, butenyl group, pentenyl group, hexenyl group, and heptenyl group; aralkyi 
groiflDS such as benzyl group; and aryl groups such as phenyl group and naphthyl group; and those which may be read- 
ily eliminated in the body such as lower alkanc^oxy lower alkyI groups such as acetoxymethyl group and pivaloyloxyme- 
thyl group; lower alkoxycarbonyloxy lower alkyI group such as melhoxycartx)nyloxymethyl group and 1- 
ethoxycarbonyloxyethyl group; lower alkoxymethyl group such as methoxymethyl group; lactonyl group such as phthaD- 
15 dyl; di-lower alkylamino lower alkyI group such as 1-dimethylaminoethyl group; and (5-methyl-2-oxo-1 .3-dioxole-4- 
yl)mettiyl group. It shouW be noted that is most preferably hydrogen atom. 

[0009] In the general formula (1), represents hydroxyl group, a lower alkoxy group, or a substituted or unsubstituted 
amino group. Exemplary substituents for the substituted amino group include lower alkyI groups such as methyl group, 
ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl group, t-butyl group, pentyl groip. hexyl group, and 

20 heptyl group; lower alkenyl groups such as vinyl group, allyl group. 1 -propenyl groip. butenyl group, pentenyl group, 
hexenyl group, and heptenyl group; aralkyi groups such as benzyl group and 1-phenylethyl; aryl groups such as phenyl 
group and naphthyl group; lower alkanoyi groups such as formyl group, acetyl group, propionyl group, butylyl group, and 
isobutylyl group; lower alkoxycarbonyl groups such as methoxycaibonyl group and ethoxycarbonyl group; aroyi groups 
such as benzoyl group and naphthoyi group; amino add residues or oligopeptide residues such as glycyl. leucyl. valyl. 

25 alanyl. phenylalanyl. alanyl-alanyl. glycyl-valyl. and glycyl-glycyl -valyl. and the amino acid residues or the oligopeptide 
residues wherein the functional group thereof is protected with an acyl. a lower aralkyi. or other protective groups which 
is commonly used in peptide chemistry; and cyclic amino group. One or two substituents which may be the same or dif- 
ferent may be selected from the substituents as described above. The compound protected with the amino acid residue 
or the oligopeptide residue is expected to have an inrproved water solubility. 

30 [0010] Preferably, R^ is amino group, a lower alkylamino group, a di-lower alkylamino group, a lower alkanoylamino 
group, an amino acid-substituted amino group, or an oligopeptide-substituted amino group. More preferable examples 
of R^ include amino group, methylamino group, ethylamino group, and dimethylamino group, among which the amino 
group being the most preferred. It should be noted that the exemplary preferable lower alkoxy groups used for R 
include lower alkoxy groups having 1 to 4 carbon atoms such as methoxy group, ethoxy group, propoxy group, and 

35 butoxy group, and among these, use of methoxy group is preferable. 

[0011] Next, in the general formula (1). R® represents hydrogen atom or a halogen atom; R"* represents hydrogen 
atom or a halogen atom; R^ represents a halogen atom or an optionally substituted saturated cyclic amino groi^D; R® 
represents hydrogen atom, a halogen atom, nitro group, or an optionally protected amino group; X. Y and Z may be the 
same or different and respectively represent nitrogen atom, -CH= or -CR^= (wherein R^ represents a lower alkyI group. 

40 a halogen atom, or cyano group), and W represents nitrogen atom or -CR®= (wherein R® represents hydrogen atom or 
a halogen atom). 

[0012] The halogen atoms represented by R^. R"*. R^. R^. R^ and R® include fluorine atom, chlorine atom, bromine 
atom and iodine atom. Among these, fluorine atom and chlorine atom are the preferred, and in particular. R^ to R^ are 
preferably fluorine atom and R® is preferably chlorine atom or bromine atom. 
45 [001 3] The lower alkyI groups represented by R^ and R® include those containing 1 to 7 carbon atoms such as methyl 
group, ethyl group, propyl group, butyl group, pentyl group, hexyl group, and heptyl group, among which methyl group 
is the preferred. 

[0014] With regard to X, Y and 2, two or three of X, Y and Z may be the same, or alternatively, they may be different 
from each other. It is, however, required that at least one of X, Y and Z is nitrogen atom. Exemplary preferable combi- 
50 nations of X, Y and Z are nHrogen for X and -CH=r or -CR^= (wherein R^ represents a lower alkyI group, a halogen atom 
or cyano group) for Y and Z; nitrogen for Y and -CH= or -CR^= (wherein R^ represents a lower alkyI group or a halogen 
atom) for X and Z; and nitrogen for X and Y, and -CH= or -CR^= (wherein R^ represents a lower alkyI group or a halogen 
atom) for Z. 

[001 5] It shouki be also noted that the compound of formula (1 ) has naphthylidine skeleton when W represents nitro- 
55 gen. and quinoline skeleton when W represents -CR®=. and it is most preferable that W represents -CR®= (wherein R® 
represents a halogen atom or a lower alkyI group). 

[0016] Next, the optionally sut)stituted saturated cyclic amino group represented by the R^ may additionally contain 1 
or more heteroatoms such as nitrogen atom, oxygen atom, and sulfur atom as well as cartjonyl carbon in its ring, and 
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may be either monocyclic, or bi- or tricyclic. The saturated cyclic amino group is preferably a 4 to T-membered ring 
when It is monocyclic, a 7 to 11-membered ring when it is bicyclic. and 9 to 15-membered ring when it is tricyclic. Exem- 
plary such cyclic amino groups include saturated monocyclic amino groups of 3 to 7-membered ring containing one 
nitrogen atom such as aziridin-l-yl. azetidin-l-yl, pyrrolidin-1-yl. and piperidin-1-yl; saturated monocyclic amino groups 

5 of 3 to 7-membered ring containing two nitrogen atoms such as piperazin-l -y! and homopiperazin-l -yl; saturated mono- 
cyclic amino groups of 3 to 7-membered ring containing a heteroatom selected from oxygen atom and sulfur atom in 
addition to nitrogen atom such as oxazolidln-3-yl. morpholin-4-yl, thiazdidin- VyI. and thiomorpholin-4-yl; saturated bi- 
or tricyclic amino groups such as tetrahydroquinolin-1-yl; and spiro or cross-linked saturated amino groups of 5 to 12- 
membered ring such as 2,8<iia2aspiro[4.4]nonan-2-yl. 5-azaspiro[2.4]heptan-5-yl. 7-azabicyclo[2.2.1Jheptan-7-yl, 2.8- 

10 diazabicydo[4.3.0]nonan-8-yl, 5-methyl-2,5-diazabicyclo[2.2. 1 ]heptan-2*yl, 2.5-diazabicyclo[2.2. 1 ]heptan-2-yl, and 
3,8-diazabicyclo[3.2.1]octan-3-yl. 

[0017] The atom constituting the ring of such saturated cyclic amino group may be sul>stituted with an appropriate 
substltuent. and exemplary such substrtuents include hydroxyl group, lower alkyl groups, substituted and unsubstituted 
annino groips, substituted and unsubstituted amino lower alkyl groups, lower alkoxy groups, and halogen atoms. 

15 [0018] Exemplary lower alkyl groups for the substituent of the saturated cyclic amino group include those containing 
1 to 7 cartx)n atoms such as methyl group, ethyl group, propyl group, butyl group, pentyl group, hexyl group, and heptyl 
group; and exemplary lower alkoxy groups include those containing 1 to 7 carbon atoms such as methoxy group, ethoxy 
group, and n-propoxy group; and exemplary halogen groups include fluorine atom, chlorine atom, and bromine atom. 
Of the substituents of the saturated cyclic amino groups, the substituted amino groups and substituted amino lower 

20 alkyl groups may have a substituent which may be the same as those described for R^. and preferable examples of the 
substituted amino groups and the substituted and unsubstituted amino lower alkyl groups include methylamino group, 
ethylamino group, dimethylamino group, aminomethyl group, 1-aminoethyl group, 2-aminoethyl group. 1 -amino- 1 -ethyl 
group, methylaminomethyl group, ethylaminomethyl group, dimethylaminomethyl group, glycyl-amino. group, leucyl- 
amino group, valyl-amino group, alanyl-amino group, and alanyl-alanyl-amino group. 

25 [001 9] Of the saturated cyclic amino groups as described above, the most preferable group for include those rep- 
resented by the following formulae (a) and (b): 



r r p r J* 




[wherein A represents oxygen atom, sulfur atom or NR^ (wherein represents hydrogen atom or a lower alkyl group), 
e represents a number of from 3 to 5, f represents a number of from 1 to 3. g represents a number of from 0 to 2, J\ 

45 and J^. whbh may be the same or different, represent hydrogen atom, hydroxyl group, a lower alkyl group, an amino 
lower alkyl group, amino group, a lower alkylamino group, a lower alkoxy group, or a halogen atomj 
[0020] Examples of the lower alkyl group, the amino lower alkyl group, the lower alkylamino group, the lower alkoxy 
group, and the halogen atom in the formulae (a) and (b) as described above are the same as those shown for R^ to R^. 
[0021] Exemplary cyclic amino groups represented by the formula (a) include azetidin-1-yl, pyrrolidin-1-yl, and pipe- 

50 ridin-1 -yl. and exemplary cyclic amino groups represented by the formula (b) include piperazin-1 -yl. morpholin-4-yl. thi- 
omorpholin-4-yl, homopiperazin-1-yi, N-thiazolidinyl. and N-oxazolidinyi. When R^ is a cyclic amino group, R^ is 
preferably the cyclic amino group represented by formula (a), and R^ is most preferably azetidin-l-yl or pyrrolidin-1-yl. 
[0022] The most preferable examples of the groups represented by the formulae (a) and (b) are as described below. 
3-aminoa2etidin-1-yl group. 3-methylaminoazetidin-1 -yl group, S-dimethylaminoazetidin-l-yl group. 3-aminomethyla2e- 

55 tidin-1 -yl group, 3-amino-2-methylazetidin-l -yl group. 3-amino-3-methyla2etidin-1 -y! group, 3-alanyl-aminoazetidin-1 -yl 
group. 3-valyl-aminoazetidin-1-yl group, 3-pyrroiidin-1-yl group. 3-hydroxypyrrolidin-1-yl group, 3,4-dihydroxypyrrolidin- 
1-yi group, 3-methoxypyrrolidin-1-yl group, 3-methylpyrrolidin-1 -yl group. 3-hydroxy-4-methylpyrrolidin-1-yl group. 3- 
aminopyrrolidin-1-yl group. S-methylaminopyrrolidin-l-yl group. 3-dimethylaminopyrrolidin-1-yt group, 3-ethylaminopyr- 
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rolidin-1-yl group, 3-diethylaminopyrrolidin-1-yl group. 3-amirK)methylpyrrolidin-l-yl group, S-amino-S-methylpyrrolidin- 
1-yl group, 3-amino-4-methylpyrro!idin-1-yl group. 3-amino-5-methylpyrrolidin-1-yl group, 3-methylamino-4-methylpyr- 
rolidin-1-yl group. 3<limethylamino-4-methylpyrrolidin-1-yl group. 3-ethylamino-4-methylpyrrolidin-l-yl group. 3-diethyI- 
amino-3-methylpyrroridin-1-yl group. 3-diethylamino-4-methylpyrrolidin-1-yl group, 3-aminomethyl-4-methylpyrrolidin-1- 

5 yl group, 3-methylaminomethyl-4-methylpyrrolidin-1-yl group, 3-dimethylaminomethyl-4-methylpyrrolidin-1-yl group. 3- 
ethylaminomethyl-4-methylpyrrolidin-1-yl group. 3-(1-aminoethyl)-4-methylpyrrolidin-1-yl group. 3-(2-aminoethyt)-4- 
methylpyrrolidin-1-y! group, 3-am!no-4-ethylpyrroIidin-1-yl group. 3-methylamino-4-ethylpyrrolidln-1-yl group, 3-dimeth- 
ylamino-4-ethy!pyrrolidin-1-yl group, 3-ethylamino-4-ethylpyrrolidin-1-yl group, 3-diethylamino-4-ethylpyrrolidin-1-yl 
group. 3-aminomethyt-4-ethylpyrrolidin-1-yl group. 3-methylaminomethyl-4-ethylpyrrolidln-1-yl group, 3-dimethylami- 

70 nomethyl-4-ethylpyrrolidin-l-yl group. 3-amino-3-methylpyrrolidirv1-yl group. 3-methylamino-3-methylpyrrolidin-1-yl 
group. 3-dimethylamino-3-methylpyrro!idin-1 -yl group, 3-amino-3,4-dimethylpyrrolidm-1-yI group. 3-amino-4,4-dimethyl- 
pyrrolidin-1-yl group, 3-amino-4,5-dimethylpyrrolidin-1-yl group. 3-amino-2,4-dimethylpyrrolidin-1-yl group, 3-methyl- 
arnino-3.4-dimethylpyrrolidin-1-yl group. 2-methyl-3-amlnopyrrolidin-1-yl group. 2-nnethyl-3-dimethylaminopyrrolidin-l- 
yl group, 3-amino-4-methoxypyrrolidin-1-yl group. 3-alanyl-aminopyrrondin-1 -yl group, 3-valyl-aminopyrrolidin-1-yl 

75 group, piperazin-1-yl group, 4-methylpiperazin-1-yl group, 3-methylpiperazin-1-yl group, 2-methylpipera2in-1-yl grotqj. 
3,4-dimethylpiperazin-1-yl group. 3,5-dimethylpipera2in-1 -yl group, 3,3-dimethylpiperazin-1-y! group. 3.4,5-trimethyl- 
piperazln-l-yl group, piperidin-1 -yl group. 4-aminopiperidin-1-yl group, 4-dimethylaminopiperidin-l -yl group, 4-hydroxy- 
piperidin-l-yl group, nnorpholin-4-yl group. 2-aminomethylmorpholin-4-yl group, 2-methylaminomorpholin-4-yl group, 2- 
dimethylaminomorphoIln-4-yl group, thiomorpholin-4-yl group, homopiperazin-l-yl group, 4Hfnethylhomopiperazin-1-yl 

20 group, N-thiazolidinyl group, and N-oxazolidinyl group. 

[0023] The optionally protected amino group represented by Include amino group as well as amino group protected 
by an appropriate protective group. Exemplary such protected amino groups include the amino group protected with a 
lower alkanoyi group such as formyl, acetyl, propionyl. pivaloyl. hexaloyl. or the like; a kMver alkoxycartx^nyl group such 
as methoxycart>onyl. ethoxycariDonyi. propoxycarbonyl, t-butoxycarbonyl, t-pentyloxycarbonyi, hexyloxycarlwnyl. or the 

25 like: an aroyi such as benzoyl, toluoyl. naphthoyl. or the like; an aryl lower alkanoyi group such as phenylacetyl. phenyl- 
propionyi, or the like; an aryloxycartx)nyl group such as phenoxycarbonyl. naphthyloxycarbonyl. or the like; an aryloxy 
lower alkanoyi group such as phenoxyacetyl. phenoxypropionyl. or the like; an aralkyloxycaibonyl group such as ben- 
zyloxycartx)nyl. phenethyloxycarbonyl, or the like; or an aralkyi group such as benzyl, phenethyl. benzhydryl. trityt, or 
the tike. 

30 [0024] The preferable combination of the R\ R^. R^, R^. R^. R^. X, Y, Z. and W is such that R"* is hydrogen atom, R^ 
is amino group, a lower alkylamino group, or a di-lower alkylamino group. R^ is a halogen atom, R^ is a halogen atom, 
X is nitrogen atom. Y and Z are -CH= or -CR^= (wherein R^ is a lower alkyi group or a halogen atom). W is -CR®= (R® 
is a halogen atom or a lower alkyI group), R^ is a group represented by formula (a) (e = 3 or 4). and R^ is hydrogen 
atom. The more preferable combination of the R\ R^, R^, R"^, R^, R®, X. Y. Z. and W is such that R*" is hydrogen atom. 

35 P? is amino group. R^ is fluorine atom. R"* is fluorine atom. X is nitrogen atom. Y is -CF=, Z is -CH=, W is -CCI=, -CBr= 
or -CCHas. R^ is a group represented by formula (a) (e = 3). and R^ is hydrogen atom. 

[0025] The salts of the pyridonecarboxylic acid derivatives of the formula (1) as described above may be either acid 
adduct salts or base adduct salts. The term, salts used herein also include chelate salts with a kx)ron compound. Exem- 
plary acid adduct salts include (i) salts with a mineral acid such as hydrochloric acid or sulfuric acid; (ii) salts with an 

40 organic cartK>xylic add such as formic acid, citric acid, trichloroacetic acid, triftuoroacetic acid, fumaric acid, or maleic 
acid; and (iii) salts with a sulfonic acid such as methanesulfbnic acid, benzenesulfonic add. p-toluenesulfbnic acid, mes- 
ityienesutfontc acid, or naphthalenesutfonic acid; and exemplary base adduct salts include (i*) salts with an alkaline 
metal such as sodium or potassium; (ii*) salts with an alkaline earth metal such as calcium or magnesium; (iii*) ammo- 
nium salts; (iv') salts with a nitrogen-containing organic base such as trimethylamine, triethylamine, trtoutylamine, pyri- 

45 dine, N.N-dimethylaniline, N-methyipiperidine. N-methylmorpholine. diethylamine, cyclohexylamine. procaine, 
dibenzylamine. N-benzyl-p-phenethylamine, 1-ephenamine. or N.N'-dibenzylethylenediamine. Exemplary boron com- 
pounds include boron halides such as boron fluoride, and lower acyloxyborons such as acetoxyboron. 
[0026] The pyridonecarboxylic acid derivatives and the salts thereof of the present invention may also be in the form 
of a hydrate or a solvate in addition to the non-solvated form. Accordingly, the compound of the present invention 

so includes all of the crystalline form, the hydrate form, and the solvate form. Furthermore, the pyridonecarboxylic acid 
derivatives and the salts thereof nfiay be present in the form of an optically active substance, and such optically active 
substance is also within the scope of the compounds of the present invention. Still further, the pyridonecartx)xylic acid 
derivative and the salt thereof may be present in the form of a (cis or trans) stereoisomer, and such stereoisomer is also 
within the scope of the compounds of the present invention. 

55 [0027] The pyridonecarboxylic acid derivatives and the salts thereof of the present invention represented by the for- 
mula (1 ) as described above may be produced by any procedure appropriately selected in accordance with such factors 
as the type of the substituents. and an exemplary procedure is as described below. 
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(Procedure 1) 

[0028] Of the compounds represented by the general formula (1). the compounds (la) wherein is hydrogen atom 
or a lower alkyi group, and is a halogen atom may be produced, for example, by Procedure 1 represented by the 
5 reaction scheme as described below: 

10 
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55 [wherein R^^ represents a lower alkyi group; ° represents a lower alkyl group: represents a halogen atom; rep- 
resents a halogen atom; R^^ represents hydroxy! group, a lower alkoxy group, or a substituted or unsubstttuted amino 
group or protected amino group; R^® represents hydrogen atom, a halogen atom, or nitro group; R®*^ represents an 
optionally substituted amino group; R^. R^. R^, R^, X. Y, Z, and W are as defined above.] 
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[0029] More illustratively, the compound (1a) of the present invention is produced by reacting conpound (A) with an 
orthaformate such as methyl orthofbrmate or ethyl orthoformate to produce acrylate derivative (B) ; reacting the acrylate 
derivative (B) with an amino compound (C) to produce compound (D): cyclizing the compound (D) to produce com- 
pound (E); and hydrolyzing the compound (E) to obtain the compound (1a). 
5 [0030] The reaction between the compound (A) and the orthoformate is generally can-ied out at 0 to 1 eo^'C, and pref- 
erably 50 to 150*C usually for a reaction period of 10 minutes to 48 hours, and preferably for 1 to 10 hours. The ortho- 
formate is used in equimolar amount or more to the compound (A), and preferaljly. in 1 to 10 times the molar amount 
to the compound (A). 

[0031] The reaction with the compourxi (C) may be effected with no solvent or in a solvent. The solvent used in this 
10 reaction may be any solvent as long as the reaction is not affected by the solvent, and the exemplary solvents include 
aromatic hydrocartDons such as benzene, toluene, and xylene; ethers such as diethylether, tetrahydrofuran, dioxane, 
monoglyme, and diglyme; aliphatic hydrocart)ons such as pentane, hexane. heptane, and ligroin; halogenated hydro- 
cartoons such as methylene chloride, chloroform, and carbon tetrachloride; nonprotonic polar solvents such as dimeth- 
ylformamide and dimethylsulfoxide; and alcohols such as methanol, ethanot and propanol. This reaction is generally 
15 conducted at 0 to 150**C, and preferably at 0 to 100*^0 usually for a reaction period of 10 minutes to 48 hours. The com- 
pound (C) is used in equimolar amount or more to the compound (A), and preferably, in 1 to 2 times the molar amount 
to the compound (A). 

[0032] Alternatively, conpound (A) may be reacted with an acetal such as N,N-dimethylformamide dimethylacetal or 
N-dimethyHormamide diethylacetal. and then, with compound (C) to produce the compound (D). The solvent used in 

20 the reaction with the acetal may be any solvent as long as the reaction is not affected by the solvent, and the exemplary 
solvents are those described in the foregoing. This reaction is generally conducted at 0 to 1 50**C. and preferably at room 
temperature to 100**C generally for a reaction period of 10 minutes to 48 hours, and preferably for 1 to 10 hours. 
[0033] Next, the cyclization of the compound (D) into the compound (E) is conducted in an adequate solvent either in 
the presence or absence of a basic compound. The solvent used in this reaction may be any solvent as long as the 

25 reaction is not affected by the solvent, and the exenplary solvents include aromatic hydrocartxyis such as benzene, tol- 
uene, and xylene; ethers such as diethylether. tetrahydrofuran. dioxane. and monoglyme; halogenated hydrocartxjns 
such as methylene chloride, chloroform, and carbon tetrachloride; alcohols such as methanol, ethanol, propanol. and 
butanol; and nonprotonic polar solvents such as dimethylformamide and dimethylsulfoxide. Exemplary basic com- 
pounds used are alkaline metals such as metal sodium and m^al potassium; metal hydrides such as sodium hydride 

30 and calcium hydride; inorganic salts such as sodium hydroxide, potassium hydroxide, sodium cartx)nate, and potas- 
sium cart)onate; alkoxides such as sodium methoxide. sodium ethoxide, and potassium t-butoxide; metal fluorides such 
as sodium fluoride and potassium fluoride; organic salts such as triethylamine and 1 ,8-diazat5icyclo[5.4.0]undecene 
(DBU). This reaction is conducted at a reaction temperature of 0 to 200°C, and preferably, at room temperature to 
ISO'^C. and the reaction is generally completed in 5 minutes to 24 hours. The basic compound is used in equimolar 

35 amount or more to the compound (D). and preferably, in 1 to 2 times the molar amount to the compound (D). 

[0034] The compound (E) is subjected to hydrolysis to eliminate the carboxyl protective group R^^ and/or the amino 
protective group R^® to obtain compound (la). 

[0035] The hydrolysis may be conducted under any conditions commonly used in the hydrolysis, for example, in the 
presence of a basic compound such as sodium hydroxide, potassium hydroxide, sodium cart>onate. and potassium car- 

40 tx>nate. a mineral acid such as hydrochloric acid, sulfuric add, and hydrobromic acid, or an organic acid such as p-tol- 
uenesulfonic acid, and in a solvent such as water, an alcohol such as methanol, ethanol or propanol, or an ether such 
as tetrahydrofuran or dioxane. a ketone such as acetone or methylethylketone. acetic acid, or a mixture of such sol- 
vents. The reaction is generally conducted at room temperature to 1 80*0, and prefereUsly. at room temperature to 1 40*C 
usually for a reaction period of 1 to 24 hours. 

45 [0036] It should be noted that in the case of producing a compound wherein R® in formula (1) is an optionally protected 
amino group, the compound (E) is first produced through the reactions as described above by using a compound (A) 
wherein R^^ is a halogen atom or nitro group for the starting material, and the compound (E**^) is then produced by ami- 
nating said halogen atom or by reducing the nitro group, and the compound (la) is derived from the compound (E^^) by 
eliminating the amino protective group if necessary and eliminating the carboxyl protective group. 

so 

(Procedure 2) 

[0037] Of the compounds represented by the general formula (1 ), the compounds wherein R^ is an optionally substi- 
tuted saturated cyclic amino group may be produced, for example, by the procedure 2 represented by the reaction 
55 scheme as described below: 
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[wherein represents an optionally substituted saturated cyclic ammo group; and R\ R^. R^, R^ R^, R^, X. Y, 2, 
and W are as defined above.] 

20 [0038] More illustratively, compound (G) is obtained by aminating compound (F) using the compound represented by 
the formula: R^^^-H. 

[0039] This reaction may be conducted in a solvent which does not affect the reaction such as an aromatic hydrocar- 
bon such as benzene, toluene, or xylene; an alcohol such as methanol or ethanoi; an ether such as tetrahydrofuran, 
dioxane. or monoglyme; a halogenated hydrocarbon such as methylene chloride, chloroform, or cartx>n tetrachloride; a 

25 nonprotonic polar solvent such as dimethylformamide, dimethylsulfoxide, or N-methytpyrrolidone; acetonrtrile. or pyrid- 
ine, and in the optional presence of a neutralizer such as sodium cart)onate. calcium carbonate, sodium hydrogencar- 
bonate, triethylamine. 1.8-diazabicyclo[5.4.0]undecene (DBU) at room tenrperature to 160''C. The reaction period is 
from several minutes to 48 hours, and preferably, from 10 minutes to 24 hours. The compound R^-H is used in equi- 
molar amount or more to the compound (F). and preferably, in 1 to 5 times the molar amount to the compound (F). ft 

30 should be noted that the compound (F) may be obtained as in the Procedure 1 as described above, and that, when R'' 
is a carboxyl protective group, it may be replaced with a hydrogen atom by hydrolysis. 

(Procedure 3) 

35 [0040] Of the compounds represented by the general formula (1 ). the compounds wherein R** is a cartx)xyl protective 
group nf^ay be produced, for example, by the procedure 3 represented by the reaction scheme as described below: 



40 



45 
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[wherein R^*^ represents a carboxyl protective group; represents a halogen atom; and R^, R^, R^. R^, R^. X. Y Z, and 
55 W are as defined above.] 

[0041] More illustratively, compound (I) is olJtained by reacting compound (H) with a halogen oompound: R'"'-L^. The 
solvents which may be used in this reaction include aromatic hydrocartx>ns such as benzene and toluene; halogenated 
hydroc«utx>ns such as methylene chloride and chlorotorm; nonprotonic polar solvents such as dimethylformamide and 
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dimethylsulfoxide; and inert solvents such as acetonitrile. The reaction temperature is usually from room temperature 
to 100**C. The reaction is preferably conducted in the presence of a basic compound such as triethylamine. diisopropyl- 
ethylamine, dicyclohexylamine. DBU. sodium carbonate, potassium carbonate, and sodium hydroxide. It should be 
noted that the compound (H) may be obtained by the Procedure 1 and Procedure 2 as described above. 

5 [0042] When amino group, imino group, hydroxy group, mercapto group, carboxyl group or the like which is not 
involved in the reaction is present in the starting materials of the Procedure 1 . 2. or 3 as described above, such group 
may be protected during the reaction, and the protective group may be eliminated after the completion of the reaction 
by a conventior^al method. The protective group used in such a case may be any group as long as the compound of the 
present invention produced by the reaction can be deprotected with no deconrposition of its structure, and any group 

10 commonly used in the field of peptide, amino sugar, and nucleic acid chemistry may be preferably used ("Protective 
Groups in Organic Synthesis", Second Editor. T.W. Green and P.G.M. Wuts, John Wiley & Sons Inc., 1991). 

1) J. Heterocyclic Chem. 22. 1033 (1985) 

2) Uebigs Ann. Chem. 29 (1987) 
75 3) J. Med. Chem. 31 , 991 (1988) 

4) J. Org. Chem. 35. 930 (1970) 

5) Japanese Patent Application Laid-Open No. 62-246541 

6) Japanese Patent Application Laid-Open No. 62-26272 

7) Japanese Patent Application Laid-Open No. 63-145268 
20 8) J. Med. Chem. 29, 2363 (1986) 

9) J. Fluorin Chem. 28. 361 (1985) 

10) Japanese Patent Application Laid-Open No. 63-198664 

11) Japanese Patent Application Laid-Open No. 63-264461 

12) Japanese Patent Application Laid-Open No. 63-104974 
25 13) European Patent Application No. 230948 

14) Japanese Patent Application Laid-Open No. 2-282384 

15) Published Japanese Translation of PCT International Publication for Patent Application No. 3-502452 

16) J. Het. Chem. 27, 1609 (1990) 

30 [0043] The starting compound (C) may be produced by any process, and an exemplary production process is as 
described below. 

[0044] The starting compound (C) may be obtained by replacing the halogen atom bonded to the carbon atom con- 
stituting the 6-membered ring with an amine such as ammonia, an alkylamine, benzylamine, or the like by a known hal- 
ogen-amine substitution reaction. It should be noted that when a substituted amine such as an alky! amine or benzyl 
35 amine is used for the amine, the substituent of the substituted amino group may be adequately eliminated by a conven- 
tional method as shown in the reaction scheme, below. When R^® is a substituted or unsubstituted amino group or 
amino group substituted with a protective group, similar halogen-amine replacement reaction may be conducted. 
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55 
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[In the formula. Hal represents a halogen atom such as F or CI; He • NH and He'* NH are respectively a substituted 
amino group or an amino group substituted with a protective group; He • NH2 and He* • NH2 are respectively an annine 
thereof. represents hydroxy! group or a lower alkoxy group. R^. X, Y and Z are as defined above.] 
[0045] When there is no readily available candidate starting material, namely the di-halogen-substituted nitrogen- 
containing six-membered ring compound having the substituents corresponding to the substituents (R^. and when X, Y 
and Z are -CR^= or -CH=, R^ or hydrogen) on the nitrogen-containing six-membered ring of the target substance, the 
target substance can be produced by using a more readily available di-halogen-substituted nitrogen-containing six- 
memk>ered ring compound for the starting material. More illustratively an adequate substituent replacement reaction 
may be effected simultaneously with the halogen-amine replacement reaction by the substituted amino group. Exem- 
plary useful substituent replacement reactions are the process wherein the halogen atom is replaced with amino group, 
and the amino group is further replaced with another halogen atom or cyano group by such reaction as Sandmeyer 
reaction of Schiemann reaction; the process wherein the halogen atom is replaced with hydroxyl group, and the 
hydroxyl group is further replaced with another halogen atom by using a phosphorus halide or a phosphorus oxyhalide; 
the process wherein the bromine atom or the chlorine atom is replaced with fluorine atom by using such reagent as 
potassium fluoride; the process wherein the halogen atom is replaced with hydrogen atom by hydrogenatlon; the proc- 
ess wherein the alkoxycarbonyl group or the acyl group is reduced into a lower alkyi group by using a hydride com- 
pound; the process wherein the cart>oxyl group is replaced with hydrogen atom by decart>oxylation; and combination of 
the above-mentioned processes. It should be noted that, when the conrpound having the thus introduced amino group 
or hydroxyl group is subjected to a further substituent replacement reaction, protection of the amino group or the 
hydroxyl group is sometimes necessary In such a case, the protection may be accomplished by phthalimidation in the 
case of the amino group, and by benzyloxidation in the case of the hydroxyl group. The protected group may be depro- 
tected in the subsequent adequate stage. The halogen atom involved in the halogen-amine replacement reaction which 
is represented by Hal in the reaction scheme as shown above is not limited to any particular type. The halogen atom, 
however, is preferably fluorine atom with high reactivity. In such a case, if fluorine atom is present as a substituent in 
any of the highly reactive other sites, such site may be protected by replacing the fluorine atom with another halogen 
atom such as bromine atom or chlorine atom by the reactions as described above. 

[0046] Alternatively, the starting compound (c) can be produced by reducing the nitro group into amino group by a 
normal process as shown in the following reaction scheme. 
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[In the formula. R^^ R^. X, Y and 2 are as defined above.) 

[0047] The thus obtained compound of the present invention is isolated and purified in accordance with a standard 
method. The compound is obtained in the form of a salt, a free carboxylic acid, or a free amine depending on the con- 
ditions of the isolation and the separation. The form of the compound, however, may be converted mutually, the com- 
20 pounds of the present invention can be prepared in desired form. 

[0048] The compound represented by the general formula (1), above or the salt thereof may be formulated into an 
antibacterial composition with a pharmaceutical! y acceptable carrier adapted for parenteral administration such as 
injection, transrectal administration, or eye drop, or oral administration in solid or liquid form. 

[0049] When the antibacterial composition of the present invention is in the form of an injection, it may be in the form 
25 of a solution, a suspension or an emulsion in a pharmaceutically acceptable sterilized water or a non-aqueous medium. 
Examples of appropriate non-aqueous carriers, diluents, media, and vehicles include propylene glycol, polyethylene 
glycol, vegetable oils such as olive oil, and organic esters adequate for injection such as ethyl oleate. Such composition 
may also contain additives such as a preservative, a wetting agent, an emuisif ier and a dispersant. The composition 
may be sterilized, for example, by filtration through a bacteria-removing filter, or by incorporating a sterilizer in the form 
30 of a sterilizer or a sterile solid composition soluble in a sterilizable medium for injection just t>efore its use. 

[0050] A preparation for eye drop administration may preferably contain a solubilizer. a preservative, an isotonizing 
agent, a thickening agent, and the like in addition to the compound of the present invention. 

[0051] Solid preparations for oral administration include capsules, tablets, pills, powders, and granules. In preparing 
such solid preparations, the compounds of the present invention are typically mixed with at least one inert diluent such 
35 as sucrose, lactose or starch. The preparation may also contain substances other than the inert diluents such as lubri- 
cant (for example, magnesium stearate etc.). In the case of capsules, tablets or pills, the preparation may also include 
a buffer. The tablets and the pills may have an enteric coating. 

[0052] Liquid preparations for oral administration include pharmaceutically acceptable emulsions, solutions, suspen- 
sions, syrups and elixirs containing an inert diluent normally used in the art such as water. In addition to such inert dilu- 
40 ent. the composition may also contain additives such as a wetting agent, an emulsifying agent, a suspending agent as 
well as a sweetener, a seasoning, and a flavor. 

[0053] Preparations for enteral administrations may preferably contain an exdpient such as cacao butter or supposi- 
tory wax in addition to the compound of the present invention. 

[0054] The dosage of the compound of the present invention varies depending on the nature of the compound admin- 
45 istered. route of administration, the desired treatment period, and other fectors. The compourxis of the present inven- 
tion, however, are typically administered at about 0. 1 to 1 000 mg/kg per day. and in particular, at about 0.5 to 100 mg/kg 
per day. if desired, such dose may be administered in 2 to 4 portions. 

[0055] The hovel pyridonecarboxylic acid derivatives and salts of the present invention exhibit very strong antibacterial 
actions as well as low phototoxicity and cytotoxicity, and therefore, would be widely applicable as pharmaceuticals for 
so human and other animals as well as pharmaceuticals for fishes, pesticides, food preservatives, and the like. The com- 
pound of the present invention is also expected to exhibit antivirus properties, and especially, anti-HlV (human immun- 
odeficiency virus) actions, and to be effective in preventing and treating AIDS. 

[0056] Next, the present invention is described in further detail by referring to Examples and Reference Exanples. 
which by no means limit the scope of the present invention. 

55 
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[Reference Example 1] 

jj^ynthesis of 2-{t-butY»aniinoV3.5.6>trifluoroDvridine 

5 [0057] To 40 ml of acetonitrile were added 1 1.0 g of 2.3.5.6-tetrafluoropyridine and 18.5 g of t-butylamine. and the 
mixture was stirred at 60°C for 3 days, and the solvent and the like were distilled off. To the residue was added 1 00 ml 
of chloroform, and the mixture was washed with 50 ml of distilled water. The chloroform layer was dried over anhydrous 
magnesium sulfate and coricentrated under reduced pressure to obtain 9.7 g of the title compound as a pale yellow oil. 

10 ^HNMR(CDCl3)5; 

1.45 (S. 9H). 4.40 (brs. 1H), 7.16 (ddd. J=7Hz. 8Hz. 9H2. 1H) 

[Reference Example 2] 

15 Synthesis of 2-benzviamino-6-(t-butvlamino)>3.5'difiuo ropvridine 

[0058] To 20 ml of N-methylpyrrolidone were added 9.7 g of 2"(t-butylamino)-3,5.6-trif luoropyridine together with 1 5.5 
g of benzylamine, and the mixture was stirred at 160**C for one day and allowed to cool. After adding 50 ml of chloro- 
form, the mixture was washed three times with 500 m! of distilled water. The chloroform layer was dried over anhydrous 
20 magnesium sulfate and concentrated under reduced pressure to obtain about 16.5 g of the title conpound as a dark 
green oil. 

[Reference Example 3] 

25 Synthesis of 2»amino-6>(t-butvlaminoV3.5-difluoroDvridine 

[0059] To 60 ml of methanol were added 10.7 g of the crude 2-benzylamino-6-(t-butylamino)-3.5-difluoropyridine as 
described above together with 1.10 g off 10% palladium carbon and 3.8 g off concentrated hydrochloric acid, and the 
mixture was hydrogenated for one day. The catalyst was separated by filtration, and the solvent and the like were dis- 
30 tilled off under reduced pressure. To the residue was added 150 ml of chloroform, and the mixture was washed with 80 
ml of 10% aqueous solution of sodium carlx>nate, and the washings were extracted again with 50 ml of chloroform. The 
chloroform layers were combined, and dried over anhydrous magnesium sulfate and concentrated under reduced pres- 
sure. The residue was subjected to chromatography (silica get. 100 g; eluent: chtarofformrn-hexane, 2:1 , and then, chlo- 
roform) to obtain 3.3 g of the title compound as a pale brown oil. 

35 

^HNMR (CDCI3) 8; 

1.43 (s. 9H), 4.11 (brs, 2H). 6.94 (t. J=10Hz, 1H) 
[Example 1] 

40 

Synthesis of ethvl l-[6-ft-butvlaminoV3.5-difiuoroDvridin -2-vl1-8-chlo ro-6.7Kjifluoro-4-oxo-1.4-dihvdroauinoline-3-car- 
boxylate 

[0060] To 1 5 ml of chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2,4,5-trifluorobenzoyl)acrylate prepared from 4.20 
45 g of ethyl 3-chloro-2.4.5-trifluorobenzoylacetate by normal process was added 3.30 g of 2-amino-6-(t-butylamino)-3,5- 
difluoropyridine. The solution was concentrated under reduced pressure to obtain orange-colored solid residue. To this 
residue were added 4.0 g of anhydrous potassium cartx)nate and 8 ml of N,N-dimethylformamide, and the mixture was 
stirred at 90°C for 10 minutes and allowed to cool. The solution was separated by adding 50 ml of chloroform and 500 
ml of distilled water, and the chloroform layer was washed twice with 500 ml of distilled water, dried over anhydrous 
so magnesium sulfate, concentrated under reduced pressure, and allowed to stand. The precipitate was collected by filtra- 
tion, washed with ethanol and diisopropylether successively to obtain 4.67 g of the title compound as a colorless pow- 
der. 

Melting point: 203 to 205*^0 
55 ^HNMR(CDCl3)i); 

1 .39 (s, 9H). 1 .40 (t, J=7Hz. 3H). 4.40 (q, J=7Hz. 2H), 4.70 (brs. 1 H). 7.21 (dd, J=8Hz, 1 0Hz, 1 H). 8.31 (dd. J=8Hz, 
10H). 8.50 (S. 1H) 
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[Example 2] 

Synthesis of ethvl 8-bromo-1-f6-(t-butvlaminoV3 5-difluoroDvridin -2-yn-6.7<lifluoro-4'Oxo-1.4-dihvdroauinoline-3-car- 

5 

[0061] To 5 ml of chloroform solution of ethyl 3-ethoxy*2-(3>bromo-2,4,5-trifluorobenzoyl)acrylate prepared from 1 .32 
g of ethyl 3'bromo-2.4.5-trifluorobenzoylacetate by normal process was added 2-amino-6-(t-butylamino)-3.5-difluoropy- 
ridine until completion of the conversion into the aminoacrylate form was confirmed by monitoring the reaction by TLC. 
The solution was concentrated under reduced pressure to obtain yellow solid residue. To this residue were added 1 .2 
10 g of anhydrous potassium cartx)nate and 2 ml of N.N-dimethylformamide. and the mixture was stirred at SO^'C for 15 
minutes and allowed to cool. The solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, 
and the chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, con- 
centrated under reduced pressure, and allowed to stand. The precipitate was collected by filtration, washed with etha- 
nol and diisopropylether successively to obtain 1.41 g of the title compound as a colorless powder. 

IS 

Melting point: 198 to 203*^0 
■•hNMR (CDCI3) 6 ; 

1.38 (s. 9H). 1.40 (t J=7Hz, 3H), 4.40 (q. J=7Hz, 2H), 4.71 (brs. 1H), 7.20 (dd. J=8H2. 10Hz, 1H), 8.36 (dd. J=9Hz. 
10H).8.54(s, 1H) 

20 

[Example 3] 

Synthesis of ethvl 1-f6-ft-butvlaminoV3.5-difluoroDvridin -2-vn-6.7.8-trtfluorQWt.oxo.l .4-dihydroquinoline>3-carbQxvlate 

25 [0062] To 1 ml chloroform solution of ethyl 3-ethoxy-2-(2,3.4.5-tetrafluorobenzoyl)acrylate prepared from 0.27 g of 
ethyl 2.3,4.5-tetrafluorobenzoylacetate by normal process was added 2-amino-6-(t4:>utylamino)-3,5-difluoropyridine 
until completion of the conversion into the aminoacrylate form was confirmed by monitoring the reaction by TLC. The 
solution was concentrated under reduced pressure. To the residue were added 0.6 g of anhydrous potassium carbonate 
and 1 ml of N,N-dimethylformamide, and the mixture was stirred at 90^*0 for 15 minutes and allowed to cool. The solu- 

30 tion was separated by adding 30 ml of chloroform and 300 ml of distilled water, and the chloroform layer was washed 
twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, concentrated under reduced pressure, 
and allowed to stand. The precipitate was collected by filtration, washed with ethanol and diisopropylether successively 
to obtain 0.1 5 g of the title compound as a colorless powder. . 

35 Melting point: 1 74 to 1 78°C 
^HNMR (CDCI3) 6 ; 

1.40 (t. J=7Hz, 3H), 1.42 (s. 9H), 4.40 (q, J=7Hz, 2H). 4.71 (brs. 1H). 7.25 (dd. J=8Hz. 10Hz. 1H), 8.16 (ddd. 
J=2l-lz. 8Hz. 10H). 8.48 (s. 1H) 

40 [Example 4] 

Synthesis of ethyl 1-[6-ft~butvlamino)-3.5-difluoroDvridin '2-vl)-7-chloro-6-fluoro-4-oxO'1.4-dihvdrO'1.8-naDhthylidine-3- 
cartx)xvlate 

45 [0063] To 1 ml chloroform solution of ethyl 3-ethoxy-2-(2,6-dichloiro-5-fluoronicotinoyl)acrylate prepared from 0.27 g 
of ethyl 2,6-dichloro-5-fluoronicotinoylacetate by norma! process was added 2-amino-6'(t-butyl)amino-3,5-dif luoropyri- 
dine until completion of the conversion into the aminoacrylate form was confirmed by monitoring the reaction by TLC. 
The solution was concentrated under reduced pressure. To the residue were added 0.5 g of anhydrous potassium car- 
bonate and 1 ml of N.N-dimethylformamide. and the mixture was stirred at 90^C for 15 minutes and allowed to cool. The 

so solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, and the chloroform layer was 
washed twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, concentrated under reduced pres- 
sure, and allowed to stand. The precipitate was collected by filtration, washed with ethanol and diisopropylether succes- 
sively to obtain 0.19 g of the title compound as yellow crystals. 

55 Melting point: 1 58 to 1 60*^C 
''HNMR (CDCye: 

1 .39 (t, J=7Hz, 3H). 1 .45 (s. 9H), 4.40 (q. J=7Hz, 2H). 4.68 (brs. 1 H). 7.27 (t. J=9Hz. 1 H). 8.48 (d, J=7Hz), 8.75 (s. 
1H) 
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[Example 5] 

R ynihARte of i-fG-aminQ-a.SdifluoroDvridin .2-vlV8 >chlorQ-6.7-dtfluorQ-4-Qxo-1.4<lihvdrc)Quionline-3-car^ acid 

5 [0064] To a mixed solution of 10 ml of 4N hydrochloric acid and 10 ml of acetic acid was added 4.10 g of ethyl 1-[6- 
(t-butylamino)-3.5-difluoropyridin -2-yl]-8-chloro-6.7-difluoro-4-oxo-1.4-dihydroquinoline-3-cartx>xylate, and the mixture 
was stirred under reflux condition for 5 hours. After adding 20 ml of distilled water, the solution was allowed to cool. The 
precipitate was cdlecled by filtration, and washed with ethand and diisopropylether successively to obtain 3.32 g of the 
title compound as a colorless powder. 

70 

Melting point: 280**C or higher 
^HNMR(d5-DMSO)6; 

6.80 (S. 2H), 7.99 (t, J=9Hz, 1H), 8.38 (t. J=9H2. 1 H). 8.93 (S. 1H) 
75 [Reference Example 4] 

Synthesis of 2-benzvlaminO'3.5.6'trtfluoroDvridine 

[0065] To 50 ml of acetonitrile were added 12.0 g of 2.3.5p6-tetrafluoropyridine and 18.0 g of benzylamine, and the 
20 mixture was stinted under reflux condition for 2 hours, and the solvent and the like were distilled off. To the residue was 
added 1 50 ml of ethyl acetate, and the mixture was washed twice with 150 ml of distilled water and 1 50 ml of 1 0% aque- 
ous solution of citric add. The ethyl acetate layer was dried over anhydrous magnesium sulfate and concentrated under 
reduced pressure to obtain 16.0 g of the title compound as a pale yellow oil. 

25 ^HNMR(CDCl3)«; 

4.58 (d. J=6Hz, 2H), 4.81 (brs, 1H), 7.23 (m, 1H). 7.35 (m. 5H) 

[Reference Example 5] 

30 Synthesis of 2-amino-3.5.6-trifluoropvridine 

[0066] To 40 ml of methanol were added 7.60 g of the crude 2-benzylamino-3.5.6-trif luoropyridine as described above 
together with 0.55 g of 10% palladium on cartx>n and 2 nril acetic acid, and the n^xture was hydrogenated at 50**C for 
one day The catalyst was separated by filtration, and the solvent and the like were distilled off under reduced pressure. 
35 The precipitate was dispersed in n-hexane, and collected by filtration to obtain 3.85 g of the title compound as a color- 
less solid. 

^HNMR (CDCl3)6; 

4.53 (brs. 2H), 7.27 (m, 1H) 

40 

[Reference Exanple 6] 

Synthesis of 2-amino-3.5-difluoro-6-(p-methoxvbenzvlamino^Dvridine 

45 [0067] To 1 0 ml of N-methylpyrrolidone were added 3.90 g of 2-amino-3,5.6-trif luoropyridine and 7.60 g of p-methoxy- 
benzylamine. and the mixture was stinred under nitrogen atmosphere at 140*0 for one day and allowed to cool. To the 
solution was added 50 m! of chloroform, and the solution was washed three times with 500 ml of distilled water. The 
chloroform layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure, and the res- 
idue was subjected to chromatography (silica gel. 32 g; eluent: chloroform) to obtain 4.50 g of the title compound as a 

50 pale yellow crude oil. 

"•hnmr (CDCys ; 

3.80 (s. 3H). 4.18 (brs. 1H). 4.49 (brs. 3H). 6.87 (d. J=9Hz, 2H). 6.99 (t. J=10Hz. 1H), 7.28 (t. J=10Hz. 2H) 
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[Example 6] 

Synihesis of ethvl 8-chlorO'1>[3.5-difluoro-6-(p-methoxvben2viamino)Dvriciin -2-vn-6.7-drfluoro-4-oxo-1.4-dihydroQuino- 
lin6>3-carboxviate 

5 

[0068] To 1 8 ml of chloroform solution of ethyl 3'ethoxy-2-(3-chloro-2,4,5'trif luorobenzoyl)acrytate prepared from 2.52 
g of ethyl 3-chloro-2.4.5-trifluorobenzoylacetate by normal process was added 2.65 g of 2-amlno-3.5<ltfluoro-6-(p- 
methoxyben2ylamino)pyridine. The solution was concentrated under reduced pressure, and to the residue were added 
2.5 g of anhydrous potassium carbonate and 6 ml of N.N-dimethylformamide. and the mixture was stirred at SO^'C for 
10 15 minutes and allowed to cool. The solution was separated by adding 50 ml of chloroform and 500 ml of distilled water, 
and the chloroform layer was washed twice with 500 ml of distilled water, dried over anhydrous magnesium sulfate, con- 
centrated under reduced pressure, and allowed to stand. The precipitate was dispersed in ethanol. collected by f iltra* 
tion. and washed with ethanol to obtain 3.20 g of the title conpound as a yellow powder. 

15 Melting point: 197 to 200*C 

^HNMR (CDCl3)6 ; 

1.40 (t, J=7H2, 3H). 3.80 (s. 3H). 4.41 (q, J=7H2. 2H). 4.48 (m, 2H). 5.10 (brs. 1H). 6.83 (d. J=7Hz. 2H). 7.20 (d, 
J=7Hz. 2H), 7.25 (dd. J=8Hz. 9Hz. 1H). 8,31 (dd. J=8Hz. 10Hz. 1H), 8.47 (s. 1H) 

20 [Example 7] 

Synthesis of 1 -(6-aminQ-3.5<lifluoropyridln >2-vlV8-chloro-6.7-drfluoro-4-oxo-1 ■4-dihvdroquinoline-3-carboxvltc acid 

[0069] To a mixed solution of 6 ml of 4N hydrochloric acid and 6 ml of acetic acid was added 3.00 g of ethyl 8-chloro- 
25 1-[3.5-difluoro-6-(p-methoxybenzylamino)pyridin -2-yl]-6.7-difluoro-4-oxo-1.4-dihydroquinoline-3-cartx>xylate. and the 
mixture was heated under reflux with stirring for 16 hours. The solution was allowed to cool and stand, and the precip- 
itate was collected by decantation. and washed by adding a small amount of distilled water, shaking, allowing to stand, 
and decanting. To the precipitate was added 10 ml of ethanol. and the mixture was heated under reflux with stirring for 
1 hour and allowed to cool arKi stand, and the precipitate was collected by decantation. To this precipitate was again 
30 added 10 ml of chloroform, and the mixture was stirred under reflux condition for 1 hour and allowed to cool, and the 
precipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 1 .25 g of the 
title compound as a pale brown powder. 

[Example 8] 

35 

Synthesis of 1 -(6-amino-3.5-dif luoropyridin -2-yl)-7>f(3SV3-aminoDvrrolidln -1-vn-8-c htoro-6-fluoro-4-oxo-1.4-dihydro- 
auinoline'3-carboxvlic acid 

[0070] To 250 mg of N.N-dimethylformamide were added 60 mg of l-(6-amino-3.5-difluoropyridin -2-yl)-8-chloro-6,7- 
40 difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylic add and 60 mg of (3S)-3-aminopyrrolidine, and the mixture was 
heated under reflux with stin-ing at 90**C for 1 hour. After adding 1 ml of ethanol, the mixture was allowed to cool, and 
the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to otTtain 41 mg of 
the title conrpound as a pale brown powder. 

45 Melting point: 248 to 250°C (decomposed) 

^HNMR (d6-DMSO)6; 

1.73 (m. 1H). 2.03 (m. 1H). 4.67 (m. 2H). 6.75 (brs. 2H). 7.95 (t. J=9Hz. 1H). 7.98 (d. J=14Hz. 1H), 8.73 (s. 1H) 
(Part of signals overlapped with the proton of water, and were undistinguisheible.) 

so [Example 9] 

Synthesis of 7-(3-aminoa2etidin ■1>vh-1-r6-amino>3.S-difluoroDvridin ■2-vh-8-chloro-6-fluorQ-4-oxo-1 ^-dihydroquino- 
• line'3-cartx)xvlic acid 

55 [0071 ] To 350 mg of N. N-dimethylformamide were added 1 00 mg of 1 -(6-amino-3.5-dif luoropyridin -2-yl)-8-chloro-6.7- 
difluoro-4-oxo-1,4<lihydroquinoline-3-carboxyfic acid, 80 mg of 3-aminoazetidine di hydrochloride and 150 mg of N- 
methylpyrrolidine. and the mixture was stired at 90''C for 1 hour. After adding 1 ml of ethanol. the mixture was allowed 
to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to 
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obtain 86 mg of the title compound as a colorless powder. 

Melting point: 260 to 263**C (decomposed) 
iHNMR(d5-DMSO)6; 

3.73 (m. 1H). 4.09 (m. 2H). 4.67 (m. 2H). 6.74 (brs. 2H), 7.86 (d. J=14H2. 1H). 7.94 (t. J=9H2, 1H), 8.68 (s. 1H) 
[Example 10] 

Synthesis of 1 -(6>amino-3 5-difluoroDvridin -2-vn-8-chloro-6-fiuoro -7-r3>methvlaminoazetidjn -1-vn-4>oxo-1.4-dihvdrO' 

q uinoline-3 -cart>Qxvlic acid 

[0072] To 400 mg of N,N<limethylformamlde were added 90 mg of 1-(6-amino-3.5-difluoropyridin -2-yl)-8-chloro-6.7* 
difluoro-4-oxo-1.4-dlhydroquino!ine-3-cart>oxyllc acid, 80 mg of 3-methylaminoazetidlnedihydrochloride. and 160 ng of 
N-methylpyrroIidine. and the mixture was stirred at 90**C tor 1 hour. After adding 0.5 ml of ethanol. the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 92 mg of the title compound as a colorless powder. 

Melting point: 259 to 265<'C (decomposed) 

''HNMR(d6-DMSO)5: 

2.20 (s. 3H). 3.48 (m. 1H). 4.14 (m. 2H). 4.64 (m. 2H). 6.75 (brs. 2H), 7.86 (d. J=14H2. 1H). 7.94 (t. J«9H2, 1H). 
8.68 (s. 1H) 

[Example 11] 

Synthesis of 1-r6-amino-3.5-difluorQPvridin ■2-vlV7>f3-amino-3-methvla zetidin >1-vi ^■8-chloro-6-fluoro-4-oxo-1.4<lihvd> 
roguinQline-3-carbQxvlic acid 

[0073] To 350 mg of N.N^imethyHormamide were added 80 mg of 1-(6-amino-3.5-difluoropyridin -2-yl)-8-chloro-6.7- 
difluoro-4-oxo-1 ,4<lihydroquinoline-3-cart>oxylic acid, 60 mg of 3-amino-3-methylazetidine dihydrochloride, and 150 mg 
of N-methylpyrrolidine. and the mixture was stirred at 90°C for 40 minutes. After adding 0.5 ml of ethanol, the mixture 
was allowed to cool, and the precipitate was collected by filtration and washed with ethanol to obtain 64 mg of the title 
compound as a pale yellow powder. 

Melting point: 280*'C or higher 
^HNMR(d6-DMSO)8; 

1.35 (s. 3H). 4.19 (m. 2H). 4.30 (m. 2H). 6.75 (brs. 2H). 7.86 (d. J=14H2. 1H). 7.94 (t. J=9H2, IH). 8.68 (s. 1H) 
[Example 12] 

Synthesis of 3-hvdrQxvazetidine salt of 1 -(6-amino -3 S^if luoroovrtdin -2-vlV8-chloro-6-fluoro-7-(3-hYdroxYazetidin - V 
yn-4-oxo-1 .4-dlhvdroquinoline-3-carbQxvlic add 

[0074] To 800 mg of acetonitrile were added 100 mg of 1-(6-amino-3,5-difluoropyridin -2-yl)-8-chloro-6.7-difluoro-4- 
oxo-l.4-dihydroquinoline-3-cart)Oxylic acid. 60 mg of 3-hydroxyazetidine hydrochloride, and 150 mg of N-melhylpyrroli- 
dine, and the mixture was heated under rellux for 1 hour. The precipitate was collected by filtration and washed with 
ethanol and diisopropylether successively to obtain 56 mg of the title compound as a colorless powder. 

Melting point: 185 to 190**C (decomposed) 
^HNMR (d6-DMSO)8 : 

3.45 (m, 2H). 3.65 (m. 2H). 4.14 (m. 2H). 4.39 (m. IH). 4.46 (m. IH). 4.68 (m, 2H), 6.70 (brs. 2H). 7.80 (d. J=14Hz. 
IH). 7.91 (t. J=9H2. IH). 8.52 (s. IH) 

[Example 13] 

Synthesis of N-methvipvrrolidine saH of 1-(6-aminQ-3.5-difluoropvridin >2-vn -8-chloro-6-fluoro-7-(3-hvdroxvazetidin -1- 
vn-4-oxo-1 ■4-dihvdroQuinoiine-3-carboxvlic add 

[0075] To 2000 mg of N.N-dimethytformamide were added 300 mg of 1-(6-amino-3.5-difluoropyridin -2-yO-8-chloro- 
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6,7-difluoro-4-oxo-1,4-clihydroquinoline'3'Carboxylic acid. 110 mg of 3*hydroxyazetidine hydrochloride, and 300 mg of 
N*methylpyrroiidine, and the mixture was stirred at dO^'C for 10 hours. After adding 2 ml of ethanol. the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 222 mg of the title corrpound as a colorless powder. 

5 

Melting point: 234 to 238''C (decomposed) 
^HNMR (de-DMSO) 5 : 

1 .67 (m. 4H). 2.24 (s. 1H). 2.38 (m. 4H). 4.18 (m. 2H), 4.47 (m, 1H), 4.71 (m, 2H). 5.73 (m. 1H), 6.75 (brs. 2H). 7.86 
(d. J=14H2, 1H). 7.94 (t, J=9H2. 1H). 8.67 (s. 1H) 

10 

[Example 14] 

Synthesis of 1-f6-amlnQ-3.5-dtfluoropvridln -2-vlV8-chloro-6-fluoro»4>oxo-7-oiDera2ino-1.4-dlhvdroquinoMne-3-carboxy> 
lie add 

IS 

. [0076] To 170 mg of N.N-dimethylformamide were added 50 mg of 1-(6-amino-3,5-difluoropyridin -2-yl)-8-chloro-6,7- 
difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylic acid. 50 mg of piperazine. and the mixture was stirred at 90**C for 1 
hour. After adding about 0.3 ml of ethanol. the mixture was allowed to cool, and the precipitate was collected by filtration 
and washed with ethanol and diisopropylether successively to obtain 33 mg of the title compound as a colorless pow- 
20 der. 

Melting point: 273 to 277°C (decomposed) 
"•hNMR (de-DMSO) 6 ; 

2.82 (m. 4H). 3.16 (m. 4H). 6.76 (brs. 2H). 7.95 (t. J=9H2. 1H). 8.05 (d. J=12H2. 1H), 8.79 (S. 1H) 

25 

[Reference Example 7] 

Synthesis of 3,5,frtrifluQrQ-g-(methylaminp)pyricBne 

30 [0077] To 10 ml of acetonitrlle were added 4.5 g of 2.3.5.6-tetrafluoropyridine and 10 ml of methylamine (10% aque- 
ous solution), and the mixture was stirred at SO'^C for 2 hours. To the solution was added 50 ml of chloroform, and the 
mixture was washed four times with 250 ml of distilled water. The chloroform layer was dried over anhydrous magne- 
sium sulfate and concentrated under reduced pressure to obtain the title compound as a pale brown crude oil. 

35 ^HNMR (CDCI3) 6 ; 

2.99 (d. J=5Hz, 3H). 4.53 (brs. 1H), 7.20 (ddd. J=7H2. 8H2. 9H2, 1H) 

[Reference Example 8] 

40 Synthesis Pf g-benzylamino-3,5-dif lU0rQ-6-(methylaminQ) pyridine 

[0078] To 20 ml of N-methylpyrrolidone were added all amount of the above-described 3.5.6-trifluoro-2-(methyl- 
amino)pyridine together with 10 g of benzylamine. and the mixture was stirred at 140**C for 19 hours and allowed to 
coot. To the solution was added 50 ml of chloroform and the mixture was washed six times with 200 ml of distilled water. 
45 The chloroform l^er was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 
the title compound as a crude oil. 

[Reference Example 9] 

50 Synthesis of 2'amino-3.5'difluoro-6-(methvlamino)pyridine 

[0079] To a mixed solution of 10 ml of methanol and 1 ml of concentrated hydrochloric acid were added all amount of 
the above descrHsed 2-benzylamiho-3,5-difluoro-6-(methylamino)pyridine together with 0.55 g of 10% palladium on car- 
bon, and the mixture was hydrogenated at 50''C overnight. The catalyst was separated by filtration, and the solvent and 
55 the like were distilled off under reduced pressure. To the residue was added 50 ml of chloroform, and the mixture was 
washed with 50 ml of 5% aqueous solution of sodium cart>onate. The chloroform layer was dried over anhydrous mag- 
nesium sulfate and concentrated under reduced pressure. The solid precipitate was collected by filtration to obtain 840 
mg of the title compound as a pale gray solid. 
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^HNMR(CDCl3)6: 

2.95 (d. J=5Hz, 3H). 4.19 (brs, 3H). 6.98 (t. J=10H2. 1H) 
[Example 15] 

5 

Synthesis of ethvl S-chloro-e.y^lifiuoro-l-fS 5-difluoro-6-methviaminopyridin >2-vl)-4-oxo-1.4-d ihvdroQuinoline>3-car- 
boxylate 

[0080] To 5 ml of chloroform solution of ethyl 3-ethoxy-2-{3-chloro-2,4,5-trifluorobenzoyl)acrylate prepared from 0.70 
10 g of ethyl 3-chloro-2,4.5-trif luorobenzoylacetate normal process was added 430 mg of 2-amino-3.5<Jifluoro-6-(meth- 
ylamino)pyridine. The solution was concentrated under reduced pressure. To the residue were added 0.3 g of anhy- 
drous potassium carbonate and 2 ml of N.N-dimethylformamide. and the mixture was stirred at 90*'C for 1 0 minutes and 
allowed to cool. The solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, and the chlo- 
roform layer was washed twice with 300 ml of distlDed water, dried over anhydrous magnesium sulfate, concentrated 
75 under reduced pressure, and allowed to stand. The precipitate was collected by filtration, washed with ethanol and 
diisopropylether successively to obtain 784 mg of the title compound as a colorless powder. 

Melting point: 207 to 209<'C 
1HNMR(CDCI3)6: 

so 1 .41 (t. J=7H2. 3H). 2.98 (d. J»5Hz. 3H). 4.41 (q, J=7Hz, 2H). 4.85 (brs. 1 H), 7.23 (dd, J=8H2. 9H2. 1 H). 8.32 (dd. 

J=8H2. 10Hz. 1H). 8.50 (s, 1H) 

[Exannple 16] 

25 Synthesis of 8-chloro-6.7-difluoro-1-f3.5-difluQro-6-methvlaminopvridin >2-vlV4-oxo-1.4-dihvdroQuinoline- 3-cartx>xvlic 
acid 

[0081] To 3 ml of a mixed solution (1:1. v/v) of 4 ml of 4N hydrochloric acid and 1 ml of acetic acid was added 510 n^ 
of ethyl 8-chloro-6,7-difluoro-1-(3,5<lifluoro-6-methylaminopyridin -2-yl)-4-oxo-1.4-dihydroquinoline-3-carboxylate, and 
30 the mixture was heated under reflux with stirring for 2.5 hours. After adding 2 ml of distilled water, the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 454 mg of the title compound as a gray powder. 

Melting point: 235 to 242*C 
35 iHNMR(d6-DMSO)5; 

2.67 (d. J=5H2, 3H). 5.94 (brs. 1H). 7.06 (t. J=8Hz. 1H). 7.45 (dd. J=10Hz. 12Hz. 1H). 8.41 (dd. J»9Hz, 10Hz. 1H). 
8.72 (S.1H) 

[Example 17] 

40 

Synthesis of 7-(3-aminoa2etidin -l-vn-8-chloro-6-fluoro-1-f3.5-dffluoro-6 -methvlaminoovridin -2-vn-4-oxo-1 .4-dihvdrD- 
Quinoline-3-cait)oxvlic acid 

[0082] To 400 mg of N.N-dimethylformamide were added 100 mg of 8-chloro-6,7-difluoro-1-(3.5-difluoro-6-methylami- 
45 nopyridin -2-yl)-4-oxo-1 .4-dihydroquinoline-3-carboxyIic acid. 60 mg of 3-aminoazetidine dihydrochloride. and 120 mg 
of N-methylpyrrolidine. and the n^xture was stirred at 100*^0 for 1 hour. After adding 0.5 ml of ethanol, the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 102 mg of the title compound as a colorless powder. 

so Melting point: 222 to 227''C (decomposed) 

^HNMR(d5-DMSO)8; 

2.77 (d. J=5Hz. 3H), 3.75 (m. 1H). 4.07 (m. 2H), 4.67 (m. 2H). 719 (brs. 1H). 7.88 (d. J:r14H2. 1H). 7.95 (t, J=7H2. 
1H). 8.70 (s. 1H) 
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[Reference Example 10] 

Synthesis of 2-ben2vlamino-3.5. 6-trrfluoro-4-methvlDvridine 

5 [0083] To 2 ml of N-methylpyrrolidone were added 1.65 g of 2.3.5.6-telrafluoro-4-methylpyridine and 2.30 g of ben- 
zylamlne, and the mixture was stirred at 80*C for 2 hours and allowed to cool. After adding 25 ml of chloroform, the mix- 
ture was washed three times with 300 ml of distilled water. The chloroform layer was dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure to obtain the title compound in crude form. 

10 [Reference Example 1 1 ] 

Synthesis of 2-amino-3.5.6>trlfluoro-4-methvlDyridine 

[0084] To 4 ml of methanol were added all amount of the crude 2-benzylamino-3.5,6-trifluoro-4-methylpyridine as 
IS described above together with 0.18 g of 10% palladium on cartxin and 2 ml of acetic acid, and the mixture was hydro* 
genated at 50°C for one day The catalyst was separated by filtration, and the solvent and the like were distilled off under 
reduced pressure to obtain 1.35 g of the title compound as a colorless solid. 

"^HNMR (CDCI3) 6 ; 
20 2.26 (t J«2H2, 3H). 4.40 (brs. 2H) 

[Reference Example 12] 

Synthesis of 2-amino>3.5-difluoro-6-(p-m ethoxyben2ylaminoM-methvlDvridine 

25 

[0085] To 3 ml of N-methylpynoIidone were added 1 .35 g of 2-amino-3.5.6-trif luoro-4-methylpyricfine together with 3.0 
g of p-methioxybenzylamine. and the mixture was stirred under nitrogen atmosphere at 140*'C for 18 hours and allowed 
to cool. After adding 30 ml of chloroform, the mixture was washed three times with 300 ml of distilled water. The chlo- 
roform layer was dried over anhydrous magnesium sulfate arxJ concentrated under reduced pressure. The residue was 
30 subjected to chromatography (silica gel. 20 g; eluerit: chloroform:n-h6xane. 1 :1 . and then, chloroform) to obtain 0.90 g 
of the title compound as a pale yellow aude oil. 

""HNMR (CDCyS; 

2.15 (t J=2H2. 3H). 3.80 (s. 3H). 4.1 1 (brs. 2H). 4.41 (brs. 1H). 4.48 (m. 2H). 6.87 (d. J=8Hz, 2H), 7.27 (d. J=8H2, 
35 2H) 

[Example 18] 

Synthesis of ethyl 8-chloro-vr3.5-dtfluoro-6-( D-methoxvben2viamino^-4-methvlDvridin •2*vn-6.7-difluoro-4-tMco-l ,4> 

<o dihydroquinoline-S-carboxylate 

[0086] To 3 ml chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2,4.5-trifluoroben2oyl)acrylate prepared from 0.78 g 
of ethyl 3-chloro-2.4.5-triftuoroben2pylacetate by normal process was added 0.90 g of 2-amino-3,5-difluoro-6-(p-meth- 
oxyben2ylamino)-4-methylpyridine. The solution was concentrated under reduced pressure, and to the residue were 
45 added 1.3 g of anhydrous potassium cart>onate and 3 ml of N.N-dimethyHormamide. and the mixture was stirred at 
90*»C for 15 minutes and allowed to cool. The solution was separated by adding 30 ml of chloroform and 300 ml of dis- 
tilled water, and the chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous magnesium 
sulfete. and concentrated under reduced pressure to obtain the title compound as a brown crude oil. 

so [Example 19] 

Synthesis of 1-(6-amino-3.5<lifluoro-4-methvlDvridin -2-vl)-8-chlorQ.6 7-dffluQro-4.oxQ-1 A^ihydroauinnli ne-S-caifaoxv 
lie add 

55 [0087] To a mixed solution of 2.5 ml of 4N hydrochloric acid and 2.5 ml of acetic acid was added all amount of the 
atK>ve described ethyl 8-chloro-1-[3.5-difluoro-6-(p-methoxyben2ylamino)-4-methylpyridin -2-yl]-6.7-difiuoro-4-oxo-1 .4- 
dthydroquinoline-3-cartx>xylate. and the mixture was heated under reflux with stirring for 3 hours and allowed to cool 
and stand. To the residue was added 10 ml of distilled water, and the solution was concentrated under reduced pres- 
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sure. The procedure of adding 10 ml of ethanol and concentrating the solution under reduced pressure was repeated 
three times, and 6 ml of chloroform was added to the residue, and the mixture was heated under reflux with stirring for 
1 hour and allowed to cool. The precipitate was collected by filtration, and washed with ethanol and diisopropylether 
successively to obtain 128 mg of the title compound as a colorless powder. 

5 

Melting point: 253 to 257*>C 
iHNMR(d6-DMSO)6; 

2.24 (s. 3H). 6.67 (brs. 2H). 8.38 (t J=9Hz, 1H). 8.89 (s, 1H) 
10 [Example 20] 

Synthesis of 7-(3-aminoa2etidin •l>vl)0-(6-amino-3.5-difluo ro-4-methvlPvridin ■2>vl)-8>chloro-6-fluoro-4-oxo-1.4-dihyd_- 
rQouinoiine'3-cartx>xvtic acid 

75 [0088] To 280 mg of N.N-dimethylformamide were added 50 mg of 1-(6-amino-3,5-difluoro-4-methylpyridin -2-yl)-8- 
chloro-6.7-difluoro-4-oxo-1.4-dihydroquinoline-3-cartX)xylic add. 40 mg of S-aminoazetidine dihydrochloride. and 120 
mg of N-methylpyrrolidine. and the mixture was stin^ed at 90**C for 1 hour. After adding 0.4 ml of ethanol, the mixture 
was allowed to cool. The precipitate was collected by filtration, and washed with ethanol and diisopropylether succes- 
sively to obtain 45 mg of the title compound as a colorless powder. 

20 

Melting point: 243 to 245''C (decomposed) 
^HNMR(d6-DMSO)S; 

2.23 (s, 3H), 3.71 (m. 1H). 4.05 (m, 2H). 4.67 (m. 2H). 6.60 (brs. 2H). 7.85 (d. J=14H2. 1H). 8-64 (s. 1H) 
25 [Reference Example 13] 

S ynthesis of 4-rt-butvlaminoV2.3.5 -6-tetraf luoroDvridine 

[0089] To 100 ml of acetonitrile was added 24.5 g of pentafluoropyridine, and the mixture was stirred in an ice bath 
30 simultaneously with the dropwise addition of 30 g of t-butylamine. When the mixture warmed to room temperature. 150 
ml of chloroform was added, and the mixture was washed twice with 800 ml of distilled water. The chloroform layer was 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 23 g of the title compound 
as a pale yellow oil. 

35 [Reference Example 14] 

Synthesis of 2-benzvlamino-4-(t-butvlaminQV3.5.6-trif luoroDvridine 

[0090] To 10 ml of N-methylpyrrolidone were added 6.8 g of 4-(t-butylamino)-2.3.5,6-tetrafluoropyridine together with 
40 7.2 g of benzylamlne. and the mixture was stirred at 1 1 S^'C for one day and allowed to cod. After adding 40 ml of chlo- . 
rotorm. the mixture was washed three times with 400 ml of distilled water. The chloroform layer was dried over anhy- 
drous magnesium sulfate and concentrated urxJer reduced pressure to obtain about 8.0 g of the title compound as a 
dark green crude oil. 

45 '^HNMR (CDCI3) 6 ; 

1.39 (s. 9H). 4.16 (brs. 1H). 4.55 (brs. 2H). 4.48 (m. 2H). 7.35 (m. 5H) 

[Reference Example 15] 
so Synthesis of 2-amino-4-ft-butvlaminoV3.S.6-tr if luoroovridine 

[0091] To 13 ml of acetic acid were added 4.0 g of the crude 2-benzylamino-4-(t-butyOamino-3.5.6-trifluoropyridine as 
described ak|Ove together with 0.43 g of 10% palladium on carbon, and the mixture was hydrogenated at eO'^C for 6 
hours. The catalyst was separated by filtration, and the solvent and the like were distilled off under reduced pressure to 
55 obtain the title compound as a brown crude oil. 
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[Reference Example 16] 

Synthesis of ethvl 34f4-t-butvlamino-3.5.6-Dvridine-2-vl^aminoV2-f3-chloit)-2.4.S-tiif 

5 [0092] To 1 .4 g of ethyl 3-chloro-2.4.5-tr(f luorobenzoyiacetate were added 1 .5 g of acetic anhydride and 1 .5 g of trie- 
thy! orthoformate, and the mixture was heated under reflux for 2 hours. The solvent was distilled off, and toluene was 
added to the residue for azeotropxc distillation. 3 ml of chloroform was added to the half of the residue, and 5 mt of chlo- 
roform solution of 1 g of 2-amino-3,5.6-trif luoro-4-(t-butylamino)pyridine was added dropwise to the mixture with an ice 
cooling, then the mixture was stirred at room temperature for 2 hours. The solvent was distilled off. and the solid predp- 

10 itate was collected by filtration and washed with diethylether to obtain 1 .14 g of the title compound. 

[Example 21] 

Synthesis of ethvl 1-f4-t-butvlamino>3.5.6-trifluorDDvridin -2-viV8-chlQro-6.7>difluQro-4-oxo-1. 4Kjihvdroquinoline-3-car- 
15 boxviate 

[0093] To 6 ml of N.N<limethyl-formamide solution of 1.14 g of ethyl 3-[(4-t-butylamino-3.5.6-pyridin -2-yl)aminol-2- 
(3-chloro-2,4.5-trif luorophenyl)acrylate was added 700 mg of potassium cart>onate, and the mixture was stirred at room 
temperature for 3.5 hours. The reaction solution was poured into ice water, and ethyl acetate was added for extraction. 
20 The organic layer was separated and dried over magnesium sulfate, and solvent was distilled off. The solid content was 
collected by filtration to obtain 1 .25 g of the title compound as a cobrless powder. 

Melting point: 145 to 146*»C 
^HNMR (CDCy 5 : 

25 1.40 (t, J=7H2. 3H). 1.48 (s. 9H). 4.41 (q. J=7Hz. 2H), 4.78 (1H, brs). 8.31 (t. J=9Hz. 1H). 8.44 (1H. s) 

[Example 22] 

Synthesis of 1-(4-amino-3.5.6-trifluoroDvridin -2-vh-8-chloro-6.7-diflu oro-4-Qxo-1.4-dihvdroQuinoline-3-caitx)xvlic add 

30 

[0094] To 300 mg of ethyl 1 -(4-t-butylamino-3,5,6-trif luoropyridin -2-yl)-8-chloro-6.7-difluoro-4-oxo-1 .4-dihydroquino- 
line-3-cartx}xylate were added 3 ml of 12N hydrochloric acid and 0.5 ml of acetic acid, and the mixture was heated 
under reflux for 1 .5 hour. The reaction solution was allowed to cool, and the solid precipitated was collected by filtration 
and washed with ethanol and diethylether successively to obtain 168 mg of the title compound as a colorless powder. 

35 

Melting point: 280 to 283*»C 
^HNMR (de-DMSO) 5 : 

7.54 (s. 1H). 8.38 (dd. J=9Hz. 10Hz, 1H), 8.98 (S. 1H) 
40 [Example 23] 

Syrrthesis of 7-(3-aminoazetidin -1-vl)-1-(4-amino-3.5.6-trifluoroDvridin -2-vl)-8-chloro-6-fluoro-4-oxo-1.4-dihvdroQuino- 
line-3-carboxylic acid 

45 [0095] To 1 ml dimethylsulfoxide solution of 70 mg of 3-aminoazetidtne dihydrochloride and 250 mg of triethylamine 
at eo^'C was added 150 mg of 1-(4-amino-3,5,6-trifluoropyridin -2-yl)-8-chloro-6,7-difluoro-4-oxo-1,4-dihydroquinoline- 
3-cart>oxyiic acid with stirring, and the mixture was stirred at dO^'C for 1 hour. The reaction solution was allowed to cool 
and decanted with diethylether. Ethanol was added to the residue to disperse the solid content, and the solid content 
was collected by filtration, washed with ethanol. arKi dried to obtain 85 mg of the title compound as a pale yellow pow- 

50 der. 

Melting point: decomposed at 230''C or higher 
^HNMR (de-DMSO+TFA) fi ; 

4.05 (m. 1H). 4.45 (m. 2H). 4.77 (m, 2H), 7.50 (2K brs). 7.93 (d. J=14Hz, 1H). 8.32 (brs. 2H). 8,80 (s. 1H) 
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[Reference Example 17] 

Synthesis off 3.S-diamino-2>chioroDvridine 

5 [0096] The mixture off 2.1 9 g of iron powder. 5 ml of water, and 10 ml off ethand was stin-ed at 80*C for 2 minutes. 
Affter incremental addition of 1 ml concentrated hydrochloric add. the mixture was stirred at the same temperature until 
the solution became neutral. To the reaction solution was inaementally added suspension of 1 g 2-chloro-3.5-dinitro- 
pyridine in 5 ml ethanoK and the mixture was stirred at 80*C fDr 40 minutes. The reaction solution was allowed to cod. 
and the iron was removed by filtration with celite. and the solvent of the filtrate was distilled off. Ethanol was added to 

10 the residue to disperse the solid content, and the solid content was collected by filtration to obtain 360 mg of the title 
compound. 

[Reference Example 1 8] 

75 Synthesis of ethvl 3-rf5-amino-6-chloropvridin >3>vhaminoV2-f3-chiorO'2 .4.5-trrfiuorophenvnacrvlate 

[0097] To 1 .4 g of ethyl 3-chloro-2.4,5-trifluorobenzoylacetate were added 1 .5 g of acetic anhydride and 1 .5 g of trie- 
thyl orthoffbrmate. and the mixture was heated under refflux for 2 hours. The solvent was distilled off. and toluene was 
added to the residue for azeotropic distillation. 3 ml of chloroform was added to the half of the residue, and a solution 
so off 360 mg of 3,5<liamino-2-chloropyridine in 3 ml ethanol was added dropwise to the mixture at room temperature and 
the mixture was stirred at room temperature for 30 minutes. The solvent was distilled off, and the residue was purified 
by column chromatography to obtain 200 mg of the title compound. 

[Example 24] 

25 

Synthesis of ethvl 1 -f5-amino-6-chlQroDvridtn ■3-vn-8-ch loro-6.7^ifluoro-4-oxo-1.4-dihvdroauinoline-3-carbQXVlate 

[0098] To a solution of 180 mg ethyl 3-[(5-amino-6-chloropyridin -3-yI)amino]-2-(3-chloro-2.4.5-trHluorophenyl)acr- 
ylate in 3 ml N.N-dimethylformamide was added 57 mg of potassium cart)onate, and the mixture was stirred at room 
30 temperature for 2 hours. The reaction solution was poured into ice water, and extracted by adding ethyl acetate. The 
organic layer was separated and dried over magnesium sulfate, and the solvent was distilled off. The solid content was 
collected by filtration to obtain 125 mg off the title compound as a pale yellow powder. 

Melting point: 233 to 236**C 
35 ^HNMR(CDCl3)5; 

1 .39 (t. J=7H2. 3H), 4.40 (q. J=7Hz. 2H). 4.46 (brs, 2H). 7.04 (s. 1 H). 7.26 (s. 1 H). 7.86 (s. 1 H), 8.32 (t, J=9Hz. 1 H), 
8.37 (5. 1H) 

[Exanple25] 

40 

Synthesis off 1-r5-amino>6-chloroDvridin >3-vn-8-chloro-6.7-dtfluQro-4>QXQ-l .4-dih ydroQuinorme-3-cartx)xvlic add 

[0099] To 100 mg d ethyl 1 -(5-amino-6-chloropyridin -3-yl)-8-chloro-6,7-difluoro-4-oxo-1.4-dihydroquindine-3-car- 
boxylate was added 3 ml d concentrated hydrochloric acid, and the mixture was heated under reflux for 2 hours. The 
45 r action solution was allowed to cod, and the solid precipitated was cdlected by filtration. The solid was washed with 
ethanol to obtain 86 mg d the title compound as a pale yellow powder. 

Melting point: 277 to 281 *»C 
^HNMR(d6'DMSO)5: 
so 7.37 (s. 1 H). 7.86 (s. 1 H), 8.41 (t. J=9H2. 1 H). 8.69 (s. 1 H) 

[Example 26] 

Synthesis d 7-r3-aminoa2etidin -1-yn-1-f5-aminQ-6^hloroD vridin ■3-vlV8-chloro>6-ffluoro-4-oxo-1 ■4<lihvdroQuinoline-3- 
55 carty)XYlic acid 

[0100] To dimethylsulfoxide solution 1 ml of 53 mg of 3-aminoa2etidine dihydrochloride and 146 mg d triethylamine 
at 80"C was added 80 mg of 1-(5-amino-6-chloropyridin -3-yl)-8-chloro-6.7-difluoro-4-oxo-1.4-dihydroquindine-3-car- 
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boxylic acid with stirring, and the mixture was stirred at 80°C for 1 hour. The reaction solution was allowed to cool and 
decanted with diethyl^ther. Ethanol was added to the residue to disperse the solid content, and the solid content was 
collected by filtration, washed with ethanol, and dried to obtain 45 mg of the title compound as a pale yellow powder. 

5 Melting point: 280''C or higher 

^HNMR(d6-DMSO)8; 

3.78 (m. 1H). 4.14 (m, 2H). 4.64 (m. 2H), 6.04 (br. 2H). 7.30 (s. 1 H). 7.75 (s. 1 H). 7.89 (d. J=14H2. 1 H). 8.49 (s. 1 H) 
[Reference Example 19] 

10 

Synthesis of 2 4-dichlQro-5-f luorooyrimidine 

[0101] 25.3 g of 5-fluorouracii was fully mixed with 72.9 of phosphor pentachloride. and the rruxture was gradually 
heated to 130^0 and reacted for 4 hours. (The reaction mixture became liquid in about 1 hour, and the reaction pro- 
75 ceeded al a high rate.) After adding 300 ml of ice water and 200 ml of chloroform, the n^xture was stirred for 20 minutes. 
The insoluble content was separated by fOtration with celite, and the filtrate was separated. The chloroform layer was 
washed with 5% aqueous solution of sodium carbonate, dried over anhydrous magnesium sulfate, and concentrated 
under reduced pressure to obtain 30.6 g of the title compound as a brown oil (which crystallized at a lower temperature). 

20 ^HNMR (CDCI3) 6 ; 8.49 (s, 1 H) 

[Reference Example 20] 

Synthesis of 4-(t-butvlamino)-2-chloro-5-f luoropvrimidine 

2S 

[0102] To 20 ml of acetonitrile were added 6.4 g of 2.4-dichloro-5-ftuoropyrimidine and 7.0 g of t-butylamine. then the 
mixture was stirred at SO^'C for 20 minutes. The solution was concentrated under reduced pressure, and separated by 
adding 40 ml of distilled water and 70 ml of chloroform. The chloroform layer was dried over anhydrous magnesium sul- 
fate and concentrated under reduced pressure. The precipitated pale yellow crystals were dispersed in cfiisopropylether 
30 and collected by filtration to obtain 4. 1 g of the title compound. 

^HNMR(CDCl3)6; 

1.51 (s. 9H), 5.07 (brs, 1H), 7,83 (d, J=3Hz. 1H) 
35 [Reference Example 21] 

Synthesis of 2-ben2vlamino-4-ft-butvlamino)-&-f luoroDvrimidine 

[0103] To 5 ml of N-methylpyrrolidone were added 1.8 g of 4-(t-butylamino)-2-chloro-5-fluoropyrimidine and 4.0 g of 
40 benzylamlne. and the mixture was stirred at 140''C for 1 7 hours and separated by adding 300 ml of distilled water and 
40 ml of chloroform. The chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous mag- 
nesium sulfate arxJ concentrated under reduced pressure. The precipitated pale yellow crystals were dispersed in diiso- 
propylether and collected by filtration to obtain 1 .9 g of the title compound. 

45 ''HNMR(CDCl3)6; 

1.40 (s. 9H), 4.54 (d. J=6Hz, 2H), 4.71 (brs, 1H), 5.06 (brs, 1H). 7.33 (m, 5H). 7.65 (d, J=3Hz, 1H) 

[Reference Example 22] 

so Synthesis of 2'amino-4-(t-butylamino)-5-fluoropyrimidine 

[0104] To 8 ml of acetic acid were added 1 .00 g of 2-benzylamino-4-(t-butylamino)-5-fluoropyrimidine together with 
215 mg of 10% palladium on carbon, and the mixture was hydrogenated at SO°C for ten days. The catalyst was sepa- 
rated by filtration, and the solvent and the like were distilled off under reduced pressure. The procedure of adding 10 ml 
55 of ethanol and concentrating under reduced pressure was repeated three times, and the residue was separated by col- 
umn chromatography (silica gel, 25 g; eluent: chloroform, and then. chloroform:methanol, 200:1). and the correspond- 
ing fractions were collected and concentrated under reduced pressure to obtain 360 mg of the title compound as a pale 
gray solid. 
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^HNMR (CDCyS ; 

1.47 (s, 9H), 4,92 (brs. 1H). 5.57 (brs. 2H). 7.51 (d. J=3H2. 1H) 
[Example 27] 

Synthesis of ethvl i-r4>ft-butvlaminoV5-fl uQrQPvrimidin ■2>vn-8-chloro-6.7Kjifiuoro^-oxo-1.4<lihvdroQuinoline-3-car- 
boxvlate 

[0105] To 3 ml of chloroform solution of ethyl 3-ethoxy-2-(3-chlorO'2,4,5*trrfluorobenzoyi)acrylate prepared from 210 
mg of ethyl 3-chloro-2,4,5-trif luorobenzoylacetate by normal process was added 340 mg of 2-arTOno-4-(t-butylamino)-5- 
f luoropyrimidine. The solution was concentrated under reduced pressure. To the residue were added 550 mg of anhy- 
drous potassium cartx)nate and 2 ml of N.N-dimethytformamide. and the mixture was stirred at SO^'C tor 1 hour and 10 
minutes and allowed to cool. The solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, 
and the chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, and 
concentrated under reduced pressure. The residue was separated by column chromatography (silica gel. 16 g; eluent: 
chloroformimethanol. 200:1). and the corresponding fractions were collected and concentrated under reduced pres- 
sure. To the residue was added 0.5 ml of ethanol. and the precipitate was collected by filtration and washed with ethanol 
and diisopropylether successively to obtain 98 mg of the title compound as a colorless powder 

Melting point: 201 to 205*'C 
^HNMR (CDCys ; 

1 .38 (t. J=7H2, 3H). 1 .43 (s. 9H). 4.39 (q. J=7H2. 2H). 5.30 (brs. 1 H). 8.02 (d. J=3H2. 1 H), 8.24 (t. J=9H2. 1 H). 8.90 
(s, 1H) 

[Example 28] 

Synthesis of 1 -(4>amino-5-f luoroovrimidin -2-vh-8-chloro-6.7-difluoro-4-oxo-1 ■4-dihvdroauinoline-3-carboxvlic acid 

[0106] To a mixed solution (1 :1 . v/v) of 0.4 ml of 4N hydrochloric add and 1 ml of acetic acid was added 90 mg of ethyl 
1.[4-(t-butylamino)-5-fluoropyrimidin -2-yl]-8-chloro-6,7-difluoro-4-oxo-1 .4-dihydroquinollne-3-carboxylate. and the mix- 
ture was heated under reflux with stirring for 3 and half hours and allowed to cool. The precipitate was collected by fil- 
tration, and washed with ethanol and diisopropylether successively to obtain 48 mg of the title compound as a colorless 
powder. 

Melting point: 242 to 246**C 
^HNMR (de-DMSO) 6 ; 

8.04 (brs. 2H). 8.33 (d, J=3H2. 1H). 8.34 (t. J=9Hz. 1H). 9.02 (s. 1H) 
[Example 29] 

Synthesis of 7-{3-amlnoazetidin -1 -vH-l -f4-amino-5-fluoropvrimidin -2>vn'8-chloro-6-f luoro-4-oxo-1 .4-dihvdroauinoline- 
3-carboxylig affi^ 

[0107] To 100 mg of N.N-dimethylformamide were added 25 mg of 1 -(4-amino-5-f luoropyrimidin -2-yl)-8-chloro-6.7- 
difluoro-4-oxo-1.4<iihydroquinoline-3-cart30xylic acid. 20 mg of 3-aminoazetidine dihydrochloride. and 50 mg of N- 
methylpynolidine. and the mixture was stinred at 90*^0 for 1 hour. After adding 0.2 ml of ethanol, the mixture was allowed 
to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to 
obtain 10 mg of the title compound as a colorless powder. 

Melting point: 269 to 271''C (decomposed) 
^HNMR(d6-DMSO)5; 

3.73 (m. 1H). 4.07 (m, 2H). 4.67 (m. 2H). 7.81 (d. J=15H2. 1H). 7.95 (brs. 1H). 8.29 (d, J=3Hz. 1H), 8.83 (s. 1H) 
[Reference Exanple 23] 

Synthesis of 2-aminO"3.5-dif luoro-6-methoxvpyridine 

[0108] To 1 ml of methanol were added 500 mg of 2-amino-3.5,6-trif luoropyridine together with 800 mg of 28% sodium 
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methoxide/methanol solution, and the mixture was stirred at 70*^0 for 3 and half hours, and allowed to cool. After adding 
25 mt of chloroform, the mixture was washed with 5 ml of distilled water. The chloroform layer was dried over anhydrous 
magnesium sulfate, and concentrated under reduced pressure to obtain the title product. 

5 [Example 30] 

Synthesis of ethyl 8-chlorO'1W3.5-drfluoro-6-methoxvDvridin >2-vh>6.7-drfluoro>4-oxo-1.4-dihvdroQuinoline-3'CartK)xv- 
late 

10 [0109] To 3 ml chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2.4.5-trrfluorobenzoyl)acrylate prepared from 0.78 g 
of ethyl 3-chloro-2,4.5-trifluoroben2oylacetate by norma! process was added 2-amino-3,5-difluoro-6-methoxypyridine 
until completion of the conversion into the aminoacrylate form was confirmed by monitoring the reaction by TLC. The 
solution was concentrated under reduced pressure, and to the residue were added 0.80 g of anhydrous potassium car> 
bonate arvJ 2 ml of N.N-dimethyltormamide. and the mixture was stirred at 90**C for 1 5 minutes and allowed to cool. The 

75 solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, and the chloroform layer was 
washed twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, concentrated urKler reduced pres- 
sure, and allowed to stand. The precipitate was collected by filtration, washed with ethanol to obtain 61 5 mg of the title 
compound as a pale brown powder. 

20 Melting point: 140 to 1 43*»C 

''HNMR(CDCl3)8: 

1.41 (t. J=7Hz, 3H). 3.99 (s, 3H). 4.41 (q. J=7H2. 2H). 7.44 (t. J=8H2. 1H), 8.33 (dd. J=:8H2. lOHz). 8.45 (s. 1H) 
[Example 31] 

25 

Synthesis of 8-chloro>1-r3.5-difluor o-6-methoxvDyridin »2-vlV6.7-difluQrQ^-oxo-1 .4-dihvdroQuinoline-3-cartx>xviic acid 

[01 10] To a mixed solution of 1 ml of 4N hydrochloric acid and 1 ml of acetic add was added 385 mg of ethyl 8-chloro- 
1-(3.5-difluoro-6-methoxypyridin -2-yl)-6.7-difluoro-4-oxo-1.4-dihydroquinoiine-3-carboxylate. and the mixture heated 
30 under reflux with stirring for 30 minutes. After adding 2 ml of distilled water, the solution was allowed to cool and stand. 
The precipitate v^s collected by filtration, and washed with ethanol and diisopropylether successively to obtain 297 mg 
of the title compound as a colorless powder 

iVIelting point: 205 to 21 0*^0 
35 ^HNMR(d6-DMSO)5; 

3.92 (s, 3H). 8.39 (t. J=9Hz. 1 H). 8.40 (t. J=9H2. 1H). 9.03 (s. 1 H) 

[Example 32] 

40 Synthesis of 7-(3-aminoazetldin >l-yl)»8 -chloro-l>r3.5-difluoro-6-methoxvpvridin -2-vlV6-fluoro-4-oxo-1 .4-dihvdroauino- 
iine-3-cartx>xylic acid 

[01 11 ] To 500 mg of acetonitrile were added 75 mg of 8-chloro-1 -(3.5-dif luoro-6-methoxypyridin -2-yl)-6.7-difluoro-4- 
oxo-1,4-dihydroquinoline-3-cart)Oxylic acid. 65 mg of 3-aminoazetidlne dihydrochloride. and 150 mg of N-methylpyrro- 
45 lidine, and the mixture was heated under reflux for 1 hour. The precipitate was collected by filtration and washed with 
ethanol and diisopropylether successively to obtain 28 mg of the title compound as a colorless powder. 

fy^elting point: 171 to 175°C 
^HNMR(d6-DMSO)5 ; 

so 3.70 (m. 1H). 3.91 (s. 3H). 4.05 (m. 2H). 4.66 (m. 2H). 7.88 (d. J=14H2. 1H). 8.34 (t. J=9H2. 1H). 8.79 (s. 1H) 

[Example 33] 

Synthesis of ethvl 7-chloroO-f3.5-difluorQ^-met hoxvDvridin >2>vn-6>fluoro-4-oxo-1 .4-dihvdro>1 .8-naDhthvlidine-3-car- 
55 tx)xvlate 

[01 12] To 1 0 ml chloroform solution of ethyl 3-ethoxy-2-(2,6-dichloro-5-f luoronicotinoyl)acrylate prepared from 1 .25 g 
of ethyl 2,6-dichloro-5-f luoronicotinoylacetate by normal process was added the crude 2-amino-3.5-difluoro-6-methox- 
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ypyridine until completion of the conversion into the aminoacrylate form was confirmed by monitoring the reaction by 
TIC. The solution was concentrated under reduced pressure, and to the residue were added 2.0 g of anhydrous potas* 
slum carbonate and 4 ml of N,N-dimethy!formamide. and the mixture was stirred at 90**C for 20 minutes and allowed to 
cool. The solution was separated by adding 50 ml of chloroform and 300 ml of distilled water, and the chlorofonn layer 
5 was washed twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, and concentrated under 
reduced pressure. The precipitate was dispersed in ethanol. collected by filtration, and washed with ethanol and diiso- 
propylether successively to obtain 1010 mg of the title conpound as a pale brown powder. 

Melting point: 208 to 212**C 
10 iHNMR(CDCl3)6; 

1.42 (t. J=7H2, 3H). 4.04 (S, 3H). 4.40 (q. J=7Hz. 2H), 7.50 (t. J=8Hz, 1H). 8.48 (d, J=7H2), 8.69 (S. 1H) 

[Example 34] 

15 Synthesis of 7K:hlorO'1 -(3.5-dif luoro-6-methoxvPvridin -2-yl)-6-f luoro-4-oxo-1 .4«dihvdro-1 .S-naphthylidine'S-carboxvlic 
acid 

[0113] . To 1 .5 ml of a mixed solution (1 :1, v/v) of 3N hydrochloric add and acetic acid was added 300 mg of ethyl 7- 
chloro-1-(3.5-difluoro-6-m€thoxypyridin -2-yI)-6-fluoro-4-oxo-1,4-dihydro-1.S-naphthylidine-3-cartx5xylate. and the mix- 
20 ture was heated under reflux with stirring for 1 hour. After adding 2 mt of distilled water, the mixture was heated under 
reflux for 10 minutes and allowed to cool, and the precipitate was collected by filtration and washed with ethanol and 
diisopropylether successively to obtain 248 mg of the title compound as a pale brown powder. 

Melting point: 220 to 225**C 
25 ^HNMR(d6-DMSO)ft ; 

3.97 (s, 3H). 8.42 (t, J=9H2. 1H), 8.76 (d. J=7H2. 1H). 9.21 (s. 1H) 

[Exanrple 35] 

30 Synthesis of 7-f(3SV3-aminoDyn-olidin -l^vlVI-fS.S-difluoro-e-methoxvDvrtdin -2-vlV6-f luoro<4-oxo-1 .4 <iihvdro-1 .8- 
naDhthvlidine-3-carboxylic add 

[0114] To 400 mg of N.N-dimethyHbrmamide were added 82 mg of 7-chloro-1-(3,5-diffluoro-6-methoxypyridin -2-yl)-6- 
fluoro-4-oxo-1,4-dihydro-1,8-naphthylidine-3-carl)Oxylic acid, 70 mg of (35)-3-amtnopyrrolidine, and 60 mg of triethyl- 
35 amine, and the mixture was heated under reflux at SO^'C for 30 minutes. After adding 2.5 ml of ethanol, the mixture was 
heated under reflux for 5 nninutes and allowed to cool, and the predpitate was collected by filtration, and washed with 
ethanol and diisopropylether successively to obtain 102 mg of the title compound as a pale brown powder. 

Melting point: 231 to 233°C 
40 ^HNMR(d6-DMSO)6; 

1.65 (m. 1H). 1.93 (m. 1H). 3.95 (s. 3H}. 8.02 (d. J=13Hz, 1H). 8.35 (t. Jr:9Hz. 1H). 8.94 (s. 1H) (Part of signals 
overlapped with the proton of water, and were undistinguishable.) 

[Example 36] 

45 

Synthesis Of 7-ff3S.4S>-3-amino-4-methvlDvnrolidin -1-vn-1-f3.5-difluoro-6-methoxvDvridln ■2-yl)-6>f luoro-4-oxQ>1 .4- 
dihvdro-1 .8-naphthylidine-3-carboxvlic add 

[0115] To 500 mg of N.N-dimethylformamide were added 85 mg of 7-chloro-1-(3,5-difluoro-6-methoxypyridin -2-yl)-6- 
so fluoro-4-oxo-1,4-dihydro-1.8-naphthylidine-3-cart>oxylic acid, 70 mg of (3S.4S)-3-amino-4>methylpyrrolidine dihydro- 
chloride. and 150 mg of triethylamtne. and the mixture was heated under reflux at ao^'C for 30 minutes. After adding 2.5 
ml of ethanol. the mixture was heated under reflux for 5 minutes and allowed to cooi, and the predpitate was collected 
by filtration, and washed with ethanol and diisopropylether successively to obtain 105 mg of the title compound as a 
colorless powder. 

55 

Melting point: 226 to 229«C 
^HNMR(d6-DMSO)6; 

0.94 (brd, J=8H2. 3H), 2.16 (m. 1H). 3.95 (s. 3H). 8.02 (d, J=13Hz, 1H), 8.35 (m. 1H). 8.95 (s, 1H) 
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(Part of signals overlapped with the proton of water, and were undistinguishable.) 
[Example 37] 

5 Synthesis of 1 -f6-amino-3.5-dif luoroDvrid in >2-vll>8-bromo-6.7<lrf luoro>4-oxo-1 .A-dihydroauinoline-S-caitioxvlic acid 

[0116] To a mixed solution of 3.5 ml of 4N hydrochloric add and 3.5 ml of acetic acid was added 1.38 g of ethyl 8- 
bromo-1-[6-(t-butylamino)-3,5-dfflLioropyridin -2-yl]-6.7-difluoro-4-oxo-1.4<lihydroquinoline-3-carboxylate, and the mix- 
ture was heated under reflux with stirring for 5 hours. After adding 5 ml of distilled water, the mixture was allowed to 
10 cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 
1 .10 g of the title compound as a colorless powder. 

Melting point: 272 to 278*C 
^HNMR (dg-DMSO) 6 ; 
75 6.80 (s. 2H). 7.99 (t. J=9H2. 1 H). 8,38 (t. J=9Hz. 1 H). 8.93 (s, 1 H) 

[Example 38] 

Synthesis of 1-f6-amino-3.5-difluoroovridin >2-vn-6.7.8-trifluoro-4-oxo-1.4<lihvdroQuinoline-3-carboxvlic acid 

20 

[0117] To a mixed solution of 0.5 ml of 4N hydrochloric acid and 0.5 ml of acetic add was added 235 mg of ethyl 1- 
[6-(t-butylamino)-3,5-difluoropyridin -2-yl]-6.7.8-trifluoro-4-oxo-1 ,4-dihydroquinoline-3-cartx)xylate, and the mixture was 
heated under reflux with stirring for 7 hours. After adding 1 ml of distilled water, the mixture was allowed to cool, and the 
precipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 182 mg of 
25 the title compound as a colorless powder. 

Melting point: 280''C or higher 
'*HNMR (de-DMSO) § ; 

6.81 (brs, 2H). 8.04 (t. J=9Hz. 1H). 8.23 (m. 1H). 8.98 (s. 1H) 

30 

[Example 39] 

Synthesis of 7-f3>aminoazetidin >1-yl)-1-(6-am ino-3.5-difluoropvridin ■2-vt)-8-bromo-6-fluoro^-oxo-1.4-dihvdroauino> 
line-3-carboxyiic acid 

35 

[01 1 8] To 300 mg of N.N-dimethylformamide were added 1 05 mg of 1 -(6-amino-3,5-dif luoropyridin -2-yl)-8-bromo-6.7- 
difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylic acid. 70 mg of S-aminoazetidine dihydrochloride. and 150 mg of N- 
methylpyrrolidine. and the mixture was stinred at 90''C for 1 hour. After adding 0.3 ml of ethanol. the mixture was allowed 
to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to 
40 obtain 79 mg of the title compound as a colorless powder. 

Melting point: 258 to 264''C (deconrposed) 
''HNMR (de-DMSO) 5 ; 

3.73 (m. 1H). 4.06 (m. 2H). 4.69 (m. 2H). 6.75 (brs. 2H), 7.89 (d. J«14H2. 1H). 7.94 (t. J=9Hz. 1H). 8.70 (s. 1H) 

45 

[Example 40] 

Synthesis of 7-(3-aminoa2etidin -1-yl)-1-(6-amino-3.S-difluoroDvridin -2-vl)-6.8-difluoro-4-oxo-1.4-dihvdroQulnoline-3- 
caiboxylic acid 

so 

[01 1 9] To 270 mg of N.N-dimethyHormamide were added 90 mg of 1 -(6-amino-3,5-dif luoropyridin -2-yl)-6,7,8-trif luoro- 
4-oxo-1.4-dihydroquinoline-3-cartx}xyiic acid. 50 mg of 3-aminoazetidine dihydrochloride, and 1 10 mg of N-methylpyr- 
rolidine. and the mixture was stirred at 90*^0 for 1 hour. After adding 0.3 ml of ethanol. the mixture was allowed to cool, 
and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 70 
55 mg of the title compound as a colorless powder. 

Melting point: 256 to 260°C (decomposed) 
''HNMR (de-DMSO) 5 ; 
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3.76 (m, 1H), 3.94 (m, 2H), 4.44 (m. 2H), 6.74 (brs. 2H), 7.78 (d. J=13H2. 1H). 7.99 (t. J=9Hz. IH). 8.73 (s. 1H) 
[Example 41] 

5 Synthesis of 1-(6-amino-3.5<iifluoroDvridin -2-vl^8'bromo-6-fliioro-7-r3-methylaminoa2etidin >1 >vl>»4-Qxo1.4<iihvdro- 
auinoline-S-caiboxylic acid 

[0120] To 800 mg of N.N-dimethylformamide were added 260 mg of 1 -(6-amino-3.5-difluoropyridin -2-yl)-8-bromo-6.7- 
difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylic add. 130 mg of 3-methylaminoazetidine dihydrochloride. and 300 mg 
70 of N-methyJpyrrolidine, and the mixture was stirred at 90°C for 1 hour. After adding 0.5 ml of ethanol. the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 247 mg of the title compound as a pale yellow powder. 

Melting point: 238 to 245*^0 (decomposed) 
75 ^HNMR(d6-DMSO)6; 

2.21 (s. 3H), 3.46 (m. 1H), 4.12 (m. 2H). 4.63 (m. 2H), 6.75 (brs. 2H), 7.88 (d. J=14Hz. 1H). 7.94 (t. J=9Hz. 1H), 
8.70 (s. 1H) 

[Example 42] 

20 

Synthesis of 7>f3'(ethvlamino)azetidin -1-yl^>1-f6-amino-3.5-difluoropyridin -2-viV8-chioro-6-fluoro-4-oxo -1 .4-dihvdro- 

qMinoline'S-carbQxytic acid 

[0121] To 310 mg of N.N-dimethylformamide were added 100 mg of 1 •(6-amino-3.5-difluoropyridin -2-yl)-8-chloro-6,7- 
25 difluoro-4-oxo-1 .4-dihydroquinoline>3K:arboxyiic acid. 70 mg of 3-(ethylamino)azetidine dihydrochloride. and 150 mg of 
N-methylpyrroiidine. and the mixture was stirred at 90''C for 15 minutes. After adding 1 ml of ethanol. the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 107 mg of the title compound as a colorless powder. 

30 Melting point: 241 to 245°C (decomposed) 
^HNMR(d6-DMSO)6: 

0.98 (t. J=7Hz. 3H). 2.49 (q. J=7Hz. 2H), 3.55 (m. 1H). 4.14 (m, 2H), 4.66 (m. 2H), 6.76 (brs, 2H). 7.86 (d. J=14H2. 
1 H). 7.95 (t. J=9Hz. 1 H). 8.69 (s. 1 H) 

35 [Example 43] 

Synthesis of 7-(3-fdimethvlaminola2etidln •1-vn-1-(6-amino-3.5KjifluoroDvridin -2-yl)-8-chtoro-6-fluoro-4-oxo-1.4-dihvd- 
roquinoline-3-cartx)xvlic acid 

40 [0122] To 310 mg of N.N-dimethylformamide were added 100 mg of 1-(6-amino-3.5-drfluoropyridin -2-yl)-8-chloro-6.7- 
difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylic acid. 100 mg of 3-(dlmethylamino)azetidine dihydrochloride. and 150 
mg of N-methylpyrrolidine. and the mixture was stined at 90*C for 15 minutes. After adding 1 ml of ethanol. the mixture 
was allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether sue- 
c ssiveiy to obtain 87 mg of the title compound as a colorless powder. 

45 

Melting point: 283 to 287*>C (decomposed) 
"•HNMR (d6-DMSO)6; 

2.07 (s, 6H). 3.03 (m. 1H). 4.24 (m. 2H), 4.55 (m. 2H), 6.77 (brs. 2H), 7.86 (d. J=14Hz. 1H), 7.95 (t. J=9H2. 1H). 
8.70(6, 1H) 

so 

[Exanple 44] 

Synthesis of 7-f3-{aminomethvhazetidin -1-v n-1-r6>amino-3.5-difluoropvridin ■2-vn-8-chlorQ-6-fluoro-4-oxo-1 .4-dihvdro- 
Quinoline-3-caiboxvlic acid 

55 

[0123] To 280 mg of N.N<limethylformamide were added 80 mg of 1 -(6-amino-3.5-difluoropyridin -2-yl)-8-chloro-6.7- 
dif luoro-4-oxo-1 .4-dihydroquinoline-3-carboxylic acid, 100 mg of 3-(aminomethyl)azetidine dihydrochloride. and 200 mg 
of N-methylpyrrolidine. and the mixture was stirred at 90''C for 25 minutes. After adding 0.5 ml of ethanol. the mixture 
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was allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropyiether sue- 
cessively to obtain 42 mg of the title compound as a colorless powder. 

Melting point: 249 to 254**C 
5 ''HNMR(d6-DMSO)6: 

2.67 (m. 1H), 2.80 (m. 2H). 4.21 (m. 2H). 4.49 (m, 2H). 6.73 (brs, 2H). 7.80 (d, J=14H2. 1H), 7.93 (t. J=10Hz. 1 H). 
8.56 (s. 1H) 

[Reference Example 24] 

10 

Synthesis of 4-amino-3»chloro-2.5.6-trifluoroDvridine 

[0124] To 100 ml of acetonitrile was dissolved 20.5 g of 3-chloro-2,4.5,6-tetrafluoropyridine. and 30 ml of 25% aque- 
ous solution of ammonia was added in three portions while the mixture was stirred and cooled with water, and the stir- 
75 ring was continued for another 30 minutes. The solution was concentrated under reduced pressure. After adding 200 
ml of chloroform to the solid residue, the solution was washed with 50 mt of distilled water. The chloroform layer was 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure, and the precipitate was collected 
by filtration to obtain 16.6 g of the title compound as colorless flake crystals. 

20 [Reference Example 25] 

Synthesis of 4-bromO'3-chioro-2.5.6-trifluoropyridine 

[01 25] To 45 ml of acetonitrile was dissolved 9.4 g of 4-amino-3-chloro-2.5.6-trif luoropyridine, and 7.5 g of t-butylnitrite 
26 was added dropwise in 25 minites stirring at 45*'C. arid the mixture was heated under reflux for 40 minutes and concen- 
trated under reduced pressure. The residue was separated by adding 1 50 ml of chloroform and 1 00 ml of 2N hydrochlo- 
ric acid, and the chloroform layer was washed with 20 mi of distilled water. The chloroform layer was dried over 
anhydrous magnesium sulfate arxJ concentrated urxler reduced pressure to obtain 1 0.2 g off the title compound as pale 
yellow oil. 

30 

[Reference Example 26] 

Synthesis of 4-bromo-2-(t-butvlaminoV5-chtoro-3.6-difluoropyridine 

35 [0126] To 40 ml of acetonitrile was dissolved 10.2 g of 4-bromo-3-chloro-2.5,6-trifluoropyridine and 10.5 g of t- 
butylamine, and the mixture was heated under reflux for 1 hour and the sdveit and the like were distilled off under 
reduced pressure. To the residue was added 80 ml of chloroform and the mixture was washed with 50 ml of distilled 
water. The chloroform layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to 
otnain 12.8 g of the title compound as reddish orange oil. 

40 

[Reference Example 27] 

Synthesis of 2-(t-butvlamino)-S-chloro -3.6-difluoropyridine 

45 [0127] To 30 ml of methanol were added 12.8 g of 4-bromo-2-(t-butylamino)-5-chloro-3,6-difluoropyridine and 2.5 g 
of triethylamine together with 0.57 g of 1 0% palladium on cartxjn, and the mixture was hydrogenated at 50**C for 5 days. 
The catalyst was separated by filtration, and the solvent and the like were distilled off under reduced pressure. To the 
residue was added 80 ml of chloroform, and the mixture was washed with 70 ml of distilled water, and the chloroform 
layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 9.3 g of the title 

50 compound as a brown oil. 

[Reference Example 28] 

Synthesis of 2-ben2ylamino-6-( t-butvlaminQ)-3-chlQro-5-f luoropyridine 

55 

[01 28] To 1 0 ml of N-methylpynolidone was added 6.8 g of 2-(t-butylamino)-5-chloro-3.6-dif luoropyridine together with 
8.0 g of benzylamine. and the mixture was stirred at 150''C for one day, and allowed to cool. After 80 ml of chloroform, 
the mixture was washed three times with 300 ml of distilled water. The chloroform layer was dried over anhydrous mag- 
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nesium sulfate and concentrated under reduced pressure. The residue was subjected to column chromatography (silica 
gel, 100 g: eluent: chloroform :n-hexane. 1:1) to obtain about 7.0 g of the title compound as a pale brown crude oil. 

[Reference Example 29] 

5 

Synthesis of 2-amino>6>rt-butvlaminQ)-3-chloro-& -f luoroovridine and 2-amino-6-ft-butvlaminoV5-f luoroDvrldine 

[0129] To a mixed solution of 18 ml methanol and 1.4 g concentrated hydrochloric acid were added 3.1 g of 2-ben- 
zylamino-6-(t-butylamino)-3-chloro-5-fluoropyridine together with 0.33 g of 10% palladium on carbon, and the mixture 

70 was hydrogenated at 30*C for 1 hour. The catalyst was separated by filtration, and the solvent and the like were distilled 
off under reduced pressure. To the residue was added 50 ml of chloroform, and the mixture was washed with 10 ml of 
6% aqueous solution of sodium hydroxide, and the chloroform layer was dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue was subjected to column chromatography (silica gel. 40 g; eluent: 
chloroformrn-hexane. 3:1 and then 1 :1) to obtain 1 .35 g of 2-amino-6-(t-butylamlno)-3-chloro-5-lluoropyridine as a pale 

75 brown oil. and 0.32 g of 2-amino-6-(t-butylamino)-5-f luoropyridine as a brown oil. 

2>amino-6-ft-butvlamino^3-chloro> 5-fluQrQovridine 
[0130] 

20 

^HNMR (CDCyS; 

1.44 (s. 9H). 4.32 (brs. 1H), 4.37 (brs. 1H). 7.02 (d. J=10H2. 1 H) 
2-amino-6-ft-butvlamino1-5>fluoroDvr!dine 

2S 

[0131] 

^HNMR (CDCyS: 

1.46 (s. 9H). 3.99 (brs. 1H), 4.30 (brs, 1H). 5.61 (dd. J=2Hz, 8H2. 1H). 6.91 (dd. J=:8H2. 1 1H2. 1H) 

30 

[Example 45] 

Synthesis of ethvl 1-r6-(t-butvlaminoV3-chloro-5-fluoroDvridin -2-vl1-8-chloro-6.7-difluoro-4 -oxo-1.4-dihvdroquinoline-3- 

cart?OTylate 

35 

[0132] To 3 ml chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2,4,5-trifluorobenzoyl)acrylate prepared from 0.84 g 
of ethyl 3-chloro-2.4.5-trifluorobenzoylacetate by normal process was added 0.65 g of 2-amino-6-(t-butylamino)-3- 
chtoro-5-f luoropyridine. The solution was concentrated under reduced pressure to ot>tain yellow solid residue. To this 
residue were added 0.7 g of anhydrous potassium carbonate and 3 ml of N,N-dimethyltormamide, and the mixture was 
40 stin-ed at 90''C for 25 minutes and allowed to cool. The solution was separated by adding 40 ml of chloroform and 300 
ml of distilled water, and the chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous 
magnesium sulfate, concentrated under reduced pressure, and allowed to stand. The precipitate was collected by filtra- 
tion, washed with ethanol and diisopropylether successively to obtain 1.06 g of the title compound as a pale yellow pow- 
der. 

45 

Melting point: 210 to 213<'C 
^HNMR (CDCys ; 

1.38 (S. 9H). 1.41 (t, J=7H2. 3H). 4.41 (q. J=7H2. 2H). 4.84 (brs. 1H). 7.32 (d. J^IOHz. 1H). 8.32 (dd. J=8Hz. IOH2. 
1H),8.45(6, 1H) 

so 

[Example 46] 

Svnthests of l-re-amino-S-chlorQ-S-fluoropyridin ■2-vlV8-chloro>6.7<iifluoro-4oxoO .4HjihvdroQuinorm e-3-carboxylic 
acid 

55 

[0133] To a mixed solution (1 :1) of 2.5 ml of 4N hydrochloric acid and acetic acid was added 600 mg of ethyl 1-[6-(t- 
butylamino)-3-chloro-5-fluoropyridin -2-yl]-8-chloro-6.7-drfluoro-4-oxo-1,4-dihydroquinoline-3-carboxylate. and the mix- 
ture was heated under reflux with stirring for 4.5 hours. After adding 2 ml of distilled water, the solution was allowed to 
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cool and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 
458 mg of the title compound as a pale yellow powder. 

Melting point: 280°C or higher 
5 ^HNMR (d6-DMSO)6: 

7.10 (brs, 2H). 7.99 (d. J^IOHz, 1H), 8.40 (t. J=10Hz. 1H), 8.89 (s, 1H) 

[Example 47] 

10 Synthesis of 7>f3-aminoa2etidin ■1-vn-Vf6-amino-3-chloro-5-fluoroDvridin -2-vl)>8-chloro- 6-ftuoro>4-oxo>1.4-dihydro> 
quinoline-a-carfaoxylic acid 

[0134] To 300 mg of N.N-dimethylformamide were added 100 mg of 1-{6-amino-3-chloro-5-fluoropyridin -2-yl)-8- 
chloro-6,7-drfluoro-4-oxo-1.4-dihydroquinoline*3-cartX}xylic acid. 70 mg of 3-aminoazetidine dihydrochloride. and 150 
IS mg of N-methylpyrro(idone. and the mixture was stirred at 90**C for 30 minutes. After adding 0.3 ml of ethanot. the mix- 
ture was allowed to cool« and the precipitate was collected by filtration and washed with ethanol and diisopropylether 
successively to obtain 95 mg of the title compound as a colorless powder. 

Melting point: 268 to 270''C (decomposed) 
20 1 HNMR (de-DMSO) 6 : 

3.71 (m, 1H), 4.08 (m, 2H), 4.67 (m, 2H), 7.04 (brs. 2H), 7.87 (d, J=14H2. 1H), 7.94 (d, J=10Hz, 1H), 8.62 (s, 1H) 

[Example 48] 

2S Synthesis of 1-f6-amino>3-chloro-5-fluoropvridin -2>vn-8-chloro-6-fluoro-7-(3-methvla minoazetidin •1-vl>^-oxo>1.4- 
dihyqlrQqviinolin?-3-cart?oxylig acid 

[0135] To 300 mg of N.N-dimethylformamide were added 103 mg of 1-(6-amino-3-chloro-5-fluoropyridin -2-yl)-8- 
chloro-6,7-difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylic acid, 85 mg of 3-methylaminoazetidine dihydrochloride. 
30 and 150 mg of N-methylpyrrolidone, and the mixture was stinted at 85''C for 30 minutes. After adding 0.3 ml of ethanol. 
the mixture was allowed to cool, and the precipitate was collected by filtration arxJ washed with ethanol and diisopropyl- 
ether successively to obtain 98 mg of the title compound as a colorless powder 

Melting point: 277 to 280''C (deconr^posed) 
35 iHNMR(d6-DMSO)5: 

2.20 (s. 3H), 3.45 (m. 1H). 4.13 (m. 2H). 4.64 (m, 2H), 7.04 (brs. 2H). 7.87 (d. J=14Hz. 1H). 7.94 (d, J=:10H2. 1H), 
8.62 (s. 1H) 

[Example 49] 

40 

Synthesis of ethvl 1-r6-ft-butvlamino>-5-fluoroDvridin -2-vl]-8-chloro-6.7-difluoro-4-oxo-1.4-dihydroQuinoline-3-cart)Oxy- 
late 

[0136] To 2 ml chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2.4,5-trifluorobenzoyl)acrylate prepared from 0.56 g 
45 Of ethyl 3-chioro-2.4.5-trrfluorobenzoylacetate by normal process was added 0.42 g of 2-amino-6-(t-butylamino)'5-f luor- 
opyridine. The solution was concentrated under reduced pressure to obtain yellow solid residue. To this residue were 
added 0.6 g of anhydrous potassium cartx>nate and 1.5 ml of N.N-dimethylformamide. and the mixture was stirred at 
90°C for 20 minutes and allowed to cool. The solution was separated by adding 40 ml of chloroform arxi 300 ml of dis- 
tilled water, and the chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous magnesium 
so sulfate, concentrated under reduced pressure, supplemented with 2 ml of ethanol, and allowed to stand. The precipitate 
was collected by filtration, washed with ethanol and diisopropylether successively to obtain 0.48 g of the title compound 
as a pale yellow powder. 

Melting point: 207 to 210«C 
55 ^HNMR(CDCl3)6: 

1.37 (s. 9H). 1 .40 (t. J=7Hz. 3H). 4.40 (q. J=7Hz. 2H). 4.82 (brs. 1H), 6.52 (dd. J=3Hz. 8Hz. 1H). 7.25 (dd, J=8Hz. 
10Hz. 1H). 8,31 (dd, J=8Hz, 10Hz, 1H). 8.61 (s. 1H) 
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[Example 50] 

c^ yn^ijiRfe Of i-fe-aminQ-S-fiuQTQDvridin -2-vlV8-ch loro-6.7-difluoro-4-oxo-1.4KjlihvdroQuirK>line-3H;ai^^ acid 

5 [01371 To 2 ml of mixed solution (1 :1) of 4N hydrochloric acid and acetic acid was added 450 mg of ethyl 1-[6-(t- 
butylamino)-5-1luoropyrldin -2-yl]-8-chloro-6,7-difluoro-4-oxo-1.4<lihydroquinoline-3-caftx)xylate, and the ntixture was 
heated under reflux with stirring for 3 hours. After adding 1 ml of distilled water, the mixture was allowed to cool, and the 
precipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 342 mg of 
the title compound as a colorless powder. 

Melting point: 232 to 235*»C 
''HNMR(d5-DMSO)6; 

6.87 (brs. 2H). 6.91 (dd, J=3Hz. 8Hz. 1 H), 7.64 (dd, J=8H2. 1 1 Hz. 1 H), 8.36 (t, J^Hz. 1 H). 8.77 (S, 1 H) 
75 [Example 51] 

Synthesis of 7-(3>aminoazetidin -1-vlV1-(6-amino-5-fluQrQDvridin - 2-vn-8-chloro-6-fluorO'4-oxo-1 .4-dihvdroquinoline-3- 
carboxvlic acid 

20 [0138] To 270 mg of N.N-dimethyHormamide were added 55 mg of 1-(6-amino-5-fluoropyridin -2-yl)-8-chloro-6,7-dif- 
luoro-4-oxo-1 .4-dihydroquinoline-3-carboxylic acid. 70 mg of 3-aminoazetidine dihydrocWoride. and 80 mg of N-meth- 
ylpyrrolidine, and the mixture was stirred at 90*'C for 1 5 minutes. After adding 0.3 ml of ethanol, the mixture was allowed 
to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to 
obtain 62 mg of the title compound as a colorless powder 

25 

Melting point: 250 to 254*^0 (decomposed) 
^HNMR(d6-DMSO)6: 

3.71 (m. 1H). 4.05 (m. 2H). 4.67 (m. 2H). 6.78 (dd. J=3Hz. 8Hz, 1H). 6.80 (brs. 2H). 7.60 (dd. J=8Hz, 10Hz. 1H), 
7.85 (d, J=1 4Hz, 1 H). 8.60 (s, 1 H) 

30 

[Example 52] 

Synthesis of 1 -(e-amino-S-^luoroDyridin -2-vn-8-chlorQ-6-fluo ro-7-(3-methvlaminoazetidin ■1-vn-4-oxo-1,4-dihydroquin- 
oline-3-caft3oxylic acid / 

35 

[0139] To 300 mg of N.N-dimethylformamide were added 101 mg of 1-(6-amino-5-fluoropyridin -2-yl)-8-chloro-6.7-dif- 
luoro-4-oxo-1.4-dihydroquinoline-3-carbaxylic acid. 85 mg of 3-methylaminoazetidine dihydrochloride. and 150 mg of 
N-methylpyn-olidine, and the mixture was stinred at 85*C for 30 minutes. After adding 0.3 ml of ethanol. the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether suoces- 
40 sively to otrtain 82 mg of the title compound as a cobrless powder. 

Melting point: 252 to 255''C (decomposed) 
""HNMR (d6-DMSO)6 ; 

2.21 (s. 3H). 3.46 (m. 1H). 4.13 (m. 2H), 4.62 (m, 2H). 6.78 (m. 1H), 6.81 (brs. 2H). 7.60 (dd. J=8Hz, 10Hz, 1H), 
45 7.84 (d. J=1 4Hz. 1 H). 8.60 (s. 1 H) 

[Reference Example 30] 

Synthesis of N -f3-chloro-2.5.6-trifluoroDvridin -4-vl)phthalimide 

so 

[0140] To a mixed solution of 40 ml dichloromethane and 20 ml N.N-methylformamide were added 1 8.5 g of 3-chloro- 
2.4.5,6-tetraf luoropyridine and 20 5 g potassium phthalimide. and the mixture was stirred at 40**C for one day. After add- 
ing 40 ml of chloroform, the mixture was washed twice with 500 ml of distilled water and once with 500 ml of 0.5% aque- 
ous solution of sodium hydroxide. The organic layer was dried over anhydrous magnesium sulfate and concentrated 
55 under reduced pressure. The precipitate was dispersed in diisopropylether, and collected by filtration to obtain 32.0 g 
of the title compound as a colorless powder. 
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[Reference Exanple 31] 

Synthesis of N-f2-rt-butvlamino)-5-chloro-3.6-diftuofODvridin •4-vnDhthatimide 

s [0141] To 150 ml of acetonHrile was ackied 30.0 g of N-(3-chloro-2,5,6-trif luoropyridin -4-yi)phthaiimide together with 
42.2 g of t-butylamine. and the mixture was heated under reflux with stirring for 30 minutes. The solution was concen- 
trated under reduced pressure, then 200 ml of chloroform was added, and washed with 100 ml of distilled water The 
organic layer was dried over anhydrous magnesiun sulfate and concentrated under reduced pressure to obtain about 
the title compound as colorless solid residue. 

10 

[Reference Example 32] 

Synthesis of N-f2-am ino-5-chloro-3.6-difluoroDvridin -4-vltohthalimide 

75 [0142] To 80 ml of trifluoroacetic acid was added all amount of the N-[2-(t-butylamino)-5-chloro-3,6-difluoropyridin -4- 
yl]phthalimide. and the mixture was stirred at 70**C for 5 and half hours. The solution was concentrated under reduced 
pressure. The precipitate was dispersed in chloroform, and collected by filtration to obtain 19.5 g of the title compound 
as a colorless powder. 

20 [Reference Example 33] 

Synthesis of N>(2.5-dlchloro-3.6-dif luoroDvridin -4-vl)phthallmlde 

[0143] To 80 ml of acetonitrile was added 21 .3 g of N-(2-amino-5-chloro-3.6-dif luoropyridin -4-yl)phthalimide together 
25 with 14.0 g of cupric chloride, and the mixture was stirred at room temperature simultaneously with the dropwise addi- 
tion of 1 5.8 g of t-butylnrtrite dissolved in 30 ml acetonitrile in 10 minrtes. The mixture was stirred at 60**C for 1 hour, and 
concentrated under reduced pressure. The residue was separated by adding 500 ml of chloroform and 250 ml of 2N 
hydrochloric acid, and the chbroform layer was vtashed with 50 ml of distilled water The chloroform layer was dried 
over anhydrous magnesium sulfate and concentrated under reduced pressure. The precipitate was dissolved and col- 
30 iected by filtration to obtain 16.2 g of the title compound as a colorless powder 

[Reference Example 34] 

Synthesis of 4-amino-2,5-dichlQro-3.6-difluQropvridine 

35 

[0144] To a mixed solution of 100 ml chloroform and 40 ml methanol was added 16.2 g of N-(2.5-dichloro-3,6-difluor- 
opyridin -4-yl)phthalimide together with 20 ml of 25% aqueous solution of ammonia, and the mixture was stirred at room 
temperature for 30 minutes. The solution was concentrated under reduced pressure, and after adding 150 ml of chlo- 
roform to the residue, the mixture was washed with 20 ml of 15% aqueous solution of ammonia, and then, with 10 ml 
AO of distilled water The chloroform layer was dried over anhydrous magnesium sulfate and concentrated under reduced 
pressure to ot)tain 4.55 g of the title compound as a colorless powder 

[Reference Example 35] 

45 Synthesis of 4-amino-2.5-dif luoropvridine 

[0145] To 40 ml of methanol were added 4.5 g of 4-amtno-2,5-dichloro-3.6<lifluoropyridine and 4.5 g of triethylamine 
together with 0.40 g of 10% palladium cart>on. and the mixture was hydrogenated at 50^C for 12 days. The catalyst was 
separated by filtration, and the solvent and the like were distilled off under reduced pressure. To the residue was added 

so 1 00 ml of chloroform, and the mixture was washed with 1 0 ml of distilled water The chloroform layer was dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure. To the residue were added 1 .5 g of triethyl- 
amine. 0.35 g of 10% palladium on carix>n. and 30 ml of methanol, and the mixture was hydrogenated at 50''C for 41 
hours. The catalyst was separated by filtration, and the solvent and the like were distilled off under reduced pressure. 
To the residue was added 100 ml of chloroform, and the mixture was washed with 10 ml of distilled water The chloro* 

55 form layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 2.67 g of 
the title conrpound as precipitate as a colorless solid. 
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[Reference Example 36] 

Synthesis erf 2-ben2ylamino-4-amino-5-f luoroDvridine 

5 [0146] To 1 ml of N-methytpyrroiidone was added 41 0 mg of 4-amino-2,5<lif luorop/ridine together with 930 mg of ben- 
zylamine. and the mixture was allowed to react in nitrogen atmosphere at 150*C for 3 days and allowed to cool. After 
adding 30 ml of chloroform, the mixture was washed twice with 300 ml of distilled water. The chloroform layer was dried 
over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was subjected to column 
chromatography (silica gel. 15 g: etuent: chloroform: methanol. 1:0 and then. 50:1) to obtain 400 mg of the title com- 

10 pound as a colorless solid. 

^HNMR (CDCl3)6; 

4.06 (brs, 2H). 4.40 (d. J=6l-lz. 2H). 4.60 (brs, 1H). 5.69 (d, J=6Hz. 1H). 7.33 (m. 5H). 7.75 (d. J=3Hz. 1H) 
15 [Reference Example 37] 

Synthesis of 2.4-diamino-5-fluoroDyridine hydrochloride 

[0147] To 4 ml of methanol having added 400 mg of concentrated hydrochloric acid added thereto was added 350 mg 
20 of 2-benzylamino-4-amino-5-fluoropyridine together with 50 mg of 10% palladium on carbon, and the mixture was 
hydrogenated at 40''C for 2 days. The catalyst was separated by filtration, and the solvent and the like were distilled off 
under reduced pressure. Procedure of adding 10 ml of distilled water to the residue and concentrating under reduced 
pressure was repeated 4 times, and the procedure of adding 10 ml of ethanol and concentrating under reduced pres- 
sure was repeated twice. 260 mg of the title compound was obtained as a residue in the form of a yellowish orange 
25 paste. 

[Reference Example 38] 

Synthesis of ethvl 3-(4-amino-5-f luoroovridin -2-vnamino-2-(3-chloro-2.4.5-trifluoroben2oynacrvlate and ethvl 3-^2- 
30 amino-5-fluoropyridin -4-yi)aminO'2-(3-chloro-2.4.5-trifluorobenzoynacrylate 

[0148] To 1.2 rrd chloroform solution of ethyl 3-ethoxy-2-(3'Chloro-2,4.5*trifluorobenzoyl)acrylate prepared from 0.34 
g of ethyl 3-chloro-2,4,5-trrfiuorobenzoylacetate by normal process was added 0.25 g of 2.4-diamino-5-fluoropyridine 
hydrochloride together with 0.28 g of N-methylpyrrolidine. The solution was concentrated under reduced pressure, and 

35 to the residue were added 0.52 g of anhydrous potassium carbonate and 0.8 ml of N.N-dimethylformamide. and the 
mixture was stirred at 90''C for 15 minutes and allowed to cool. The solution was separated by adding 20 ml of chloro- 
form and 100 ml of distilled water, and the chloroform layer was washed with 100 ml of distilled water, dried over anhy- 
drous magnesium sulfate, and concentrated under reduced pressure. The residue was subjected to column 
chromatography (silica gel, 14 g; eluent: chloroform:methanol. 1:0. and then, 100:1). and the fraction containing the 

40 main product was concentrated under reduced pressure. The precipitate was dispersed in ethanol, collected by filtra- 
tion, and washed with ethanol and diisopropylether successively to obtain 1 .06 g of the title mixture (1:1 in NMR) as a 
pale t)rown powder. 

[Example 53] 

45 

Synthesis of etiiyl 1 -(4-amino-5-f luoropyridin -2-vh-8-chloro-6.7<lTfluoro-4-oxo-1.4-dihvdroquinoline-3-carboxylate 

[0149] To 150 mg of the mixture of ethyl 3-(4-amino-5-fluoropyridin -2-yl)amino-2-(3-chloro-2,4,5-trifluorobenzoyl)acr- 
ylate and ethyl 3-(2-amino-5-f luoropyridin -4-yl)amino-2-(3-chloro-2,4.5-trifluorobenzoyI)acrylate were added 230 mg of 

so anhydrous potassium carbonate and 450 mg of N.N-dimethylformamide. and the mixture was stirred at lOO^'C for 20 
minutes and allowed to cool. The solution was separated by adding 20 ml of chloroform arxl 100 ml of distilled water, 
and the chloroform layer was washed with 100 ml of distilled water, dried over anhydrous magnesium sulfate, and con- 
centrated under reduced pressure. The residue was subjected to column chromatography (silica gel, 3.2 g; eluent: chlo- 
roformimethanol. 100:1). and the fraction containing the main product was concentrated under reduced pressure to 

55 obtain 35 mg of the title conrpound as a yellow solid residue. 

Melting point: 140 to 148*C 
^HNMR(CDCl3)6; 
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1.38(t.J=7Hz, 3H).4.37 (q. J=7H2. 2H). 4.78 (brs. 2H), 6.78 (d, J=6Hz, 1H).8,11 (d.J=3H2. 1H). 8.27 (dd. J=8H2. 
10H2.1H).8.55(S. 1H) 

[Example 54] 

£ 

Synthesis of 1 >(4-aminQ-5^luoroDvridin ■2■vl^8-c hloro-6.7<ii1l^oro-4K)xo^1.4<lihvdroQuinoline-3-ca^boxvl^c acid 

[0150] To 400 mg of the mixed solution (1 :1) of 4N hydrochloric acid and acetic acid was added 35 mg of ethyl 1-(4- 
amino-5-fluoropyridin -2-yl)-8-chloro-6,7-difluoro-4-oxo-1.4-dihydroquinoline-3-cartx)xylate. and the mixture was 
10 heated under reflux with stirring for 3 hours and allowed to cool. The precipitate was collected by filtration, and washed 
with distilled water, ethanol and diisopropylether successively to obtain 31 mg of the title compound as a pale yellow 
powder. 

Melting point: 280*^0 or higher 
IS ^HNMR (de-DMSO) 6 ; 

6.86 (brs, 2H). 7.00 (d. J=7H2. 1H). 8.12 (d. J=3Hz. 1H). 8.39 (t. J=9Hz. 1H). 8.74 (s. 1H) 

[Example 55] 

20 Synthesis of 7-(3 aminoa2etidin -1-vh-1-(4-amino-5-fluoroDvridin ■2-vn-8-chloro-6>fluor o-4-oxo-1 .4-dihydroQuinoline-3- 
cart>oxvlic acid 

[0151] To 1 10 mg of N.N-dimethylformamide were added 23 mg of 1-(4-amino-5-fluoropyridin -2-yl)-8-ch!oro-6.7-dif- 
luoro-4-oxo-1 .4-dihydroquinollne-3-cartx3Kylic add. 20 mg of 3*aminoazetidine dihydrochloride. and 50 mg of N-meth- 
25 yipyrrolidine, and the mixture was stin-ed at SO^'C for 20 minutes. After adding 500 mg of ethanol, the mixture was 
allowed to cool, and the preopitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 23 mg of the title compound as a colorless powder. 

Melting point: 280''C or higher 
30 ^HNMR (de-DMSO) 6 ; 

3.75 (m. 1 H). 4. 10 (m. 2H). 4.66 (m, 2H). 6.77 (brs, 2H). 6.92 (d. J=7H2. 1 H). 7.86 (d, J=14Hz. 1 H), a08 (d, J=3Hz. 
. 1H).8.57(s, 1H) 

[Reference Example 39] 

35 

Synthesis of methvl 2.6-dichtoro>5-fluoronicotinate 

[0152] To 60 ml of dichloromethane were added 21 .0 g of 2.6-dichtoro-5-fluoronico1inic acid. 10 ml of oxalylchloride. 
and 10 drops of N.N-dimethylformamide. and the mixture was stirred at room temperature for one day. The solvent and 

40 the excess reagents were distilled off under reduced pressure, and the residue was dissolved in 50 ml of chloroform. 
10 ml of methanol was added dropwise to the solution, and the solution was stirred at room temperature for 60 minutes, 
and 15 g of anhydrous potassium carbonate was added to the solution and the solution was stirred for another 30 min- 
utes. The solution was separated by adding 1 50 ml of chloroform and 1 50 ml of distilled water, and the chloroform layer 
was dried over anhydrous magnesium sulfate, and concentrated under reduced pressure to obtain 26.6 g of the title 

45 compound as a colorless crude oily residue. 

[Reference Example 40] 

Synthesis of methvl 6-t-butvlamino-2.5-dif luoronicotinate 

so 

[0153] To 30 ml of dimethylsulfoxide were added three quarter (19.95 g) of the methyl 2.6-dichloro-5-fluoronicotinate 
synthesized as desaibed above. 14.5 g of potassium fluoride (spray dried), and 1.6 g of tetramethylammonium chlo- 
ride, and the mixture was stirred at 1 lO'^C for 2 and half hours and allowed to cool. After adding 100 ml of chloroform, 
the mixture was washed twice with 1 liter of distilled water, and once with 1 liter of 1% aqueous solution of sodium car- 
55 bonale. The chloroform layer was dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. 
Crude methyl 2,5,6-trifluoronicotinate was obtained in the form of brown oily residue, and this residue was dissolved in 
60 ml of acetonitrile. and 12.0 g of t-butylamine was added to this solution. The solution was concentrated under 
reduced pressure, and the residue was separated by adding 100 ml of chloroform and 60 ml of distilled water. The chto- 
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rotorm layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The precipitate 
was dispersed in n-hexane. and collected by filtration to obtain 6.85 g of the title compound as a colorless aystals. 

"•hNMR (CDCl3)6; 

5 1.50 (s. 9H), 3.86 (s. 3H). 5.04 (brs, 1H), 7.71 (dd. J=7H2, 11 Hz, 1H) 

[Reference Example 41] 

Synthesis of methvl 6-t*butvlamino-5-fluoro-2-M.1.3.3-tetramethvlbiJtvlamino)nicotinat^ 

70 

[0154] To 7 ml N-methylpyrrdidone were added 2.44 g of methyl 6-t-butylamino-2,5-difluoronicotinate and 4.0 g of 
1 ,1.3.3-tetramethylbutylamine. and the mixture was stirred at 140**C for 16 hours and allowed to cool. After adding 50 
ml of chloroform, the mixture was washed three times with 300 of distilled water. The chloroform layer was dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure. The brown oily residue was subjected to coi- 
rs umn chromatography (silica gel. 40 g; eluent: chloroform: n-hexane. 1 :1) to obtain 2.90 g of the title compound as a 
colorless oily residue. 

^HNMR (CDCyS: 

0.96 (s, 9H), 1.51 (s. 9H). 1.53 (s, 6H). 3.76 (s. 3H). 4.87 (brs. 1H). 7.52 (d, J=12Hz. 1H), 8.38 (brs. 1H) 

20 

[R ference Example 42] 

Syrithegis of g-t-butyl^minp>3-fluorQ-5-niethy)-e-(1 .1.3.3-tetrarnethylbvitylanTino)pyriclin^ 

25 [01 55] To 20 ml of tetrahydrofran was dispersed 850 mg of lithium aluminum hydride. The dispersion was water cooled 
and stirred simultaneously with the dropwise addition of 2.80 g of methyl 6-t-butylamino-5-fluoro-2-(1.1,3.3-tetrameth- 
ylbutylamino)nicotinate dissolved in 30 ml of tetrahydrofuran. The reactor was placed in an oil bath of 50''C. and the mix- 
ture was stirred for two and half hours. The reactor was then water cooled arKf 8 ml of ethyl acetate was added 
dropwise. and the mixture was stirred for 1 hour. 8 ml of ethanol was added dropwise. and the mixture was stirred for 1 

30 hour, then 8 ml of distilled water was added dropwise. and the mixture was stinted overnight. The precipitate was sep- 
arated by.filtration, arxj the filtrate was concentrated under reduced pressure. The residue was subjected to column 
chromatography (silica gel, 40 g; eluent. chloroformrn-hexane. 1 :1) to obtain 1 .67 g of the title compound as a colorless 
oily residue. 

35 ^HNMR(CDCl3)6; 

0.99 (S, 9H), 1.47 (s, 9H). 1.52 (s. 6H), 1.91 (s, 3H). 3.73 (brs, 1H), 4.11 (brs. 1H), 6.81 (d, J=12Hz, 1H) 

[Reference Example 43] 

40 Svnthesls of 2.6-diamino-3-fluorO'5-methylpyridine 

[0156] To 800 mg of trifluoroacetic acid was added 340 mg of 2-t-butyiamino-3-fluoro-5-methyl-6-(1,1.3.3-tetrameth- 
ylbutylamino)pyridine. and the mixture was allowed to stand at room temperature for 30 minutes. The solution was con- 
centrated under reduced pressure to otitain crude 2.6<liamino-3-f luoro-5-methylpyridine as a pale brown solid residue. 

45 

[Example 56] 

Synthesis of ethyl 1 -(6-amlno-5-fluoro-3-methylpyridin -2-vl)-8-chloro-6.7-difluoro-4>oxo-1 .4-dihvdroQuinoline-3-cartX)x- 
vlate 

so 

[0157] To 1 ml chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2.4.5-trifluorobenzoyl)acrylate prepared from 280 mg 
of ethyl 3-chloro-2,4.5-trifluorobenzoyIacetate by normal process was added all of 2.6-diamino-3-fluoro-5-methylpyrid- 
ine as described above together with 2 ml of methanol and 4 ml of chloroform. After allowing to stand at room temper- 
ature for 40 minutes, the solution was concentrated under reduced pressure. To the residue were added 600 mg of 
55 anhydrous potassium carbonate and 1 ml of N.N-dimethylformamide. and the mixture was stirred at 85*'C for 15 minutes 
and allowed to cool. The solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, and the 
chloroform layer was washed twice with 300 ml of distilled water. The chloroform layer was dried over anhydrous mag- 
nesium sulfate, and concentrated under reduced pressure. To the residue was added 0.5 ml of ethanol. and the mixture 
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was allowed to stand overnight. The precipitate was dispersed in ethanol. collected by filtration, and washed with etha- 
nol and diisopropyl ether successively to obtain 1 71 mg of the title conpound as a colorless powder. 

Melting point: 198 to 202**C 
5 1HNMR(CDCI3)6; 

1.40 (t. J=7Hz, 3H), 2.02 (s, 3H), 4.39 (q. J=7H2. 2H), 4.71 (brs. 2H). 7.25 (d. J=10H2. 1H). 8.34 (t J=10H2. 1H). 
8.34 (s. 1H) 

[Example 57] 

10 

Synthesis of l-/6-aminQ-5-fluoro-3>melhvlDvridin ■2-vh-8-chloro-6.7-difluoro-4-oxo-1.4-dihvdroauinoline-3-carbQxvlic 
acid 

[0158] To 800 mg of the mixed solution (1 :1) of 4N hydrochloric acid and acetic acid was added 160 mg of ethyl 1 -(6- 
75 amino-5-fliioro-3-methylpyridin -2-yl)-8-chloro-6,7-difluoro-4-oxo-1,4-dihydroquinoline-3-cart)oxylale, arxJ the mixture 
was heated under reflux with stirring for 30 minutes. After adding 0.5 ml of distilled water, the solution was allowed to 
cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 
145 mg of the title compound as a pale brown powder. 

20 Melting point: 279 to 284°C (decomposed) 
^HNMR (dg-DMSO) 6 ; 

1.94 (s. 3H). 6.62 (brs. 2H). 7.57 (d. J=11H2, 1H). 8.40 (t, J=:9H2. 1H). 8.72 (s, 1H) 
[Example 58] 

25 

Synthesis of 7-(3-aminoazetidin •1-vh-1-r6-amino-5-fluoro-3-methvlPvridin ■2-vn-8-chloro-6-ftuoro^-oxo-1.4-dihvdro- 
Quinoline-3-carboxvlic acid 

[0159] To 250 mg of N.N-dimethylformamide were added 80 mg of 1-(6-amino-5-fluoro-3-methylpyridin -2-yl)-8- 
30 chloro-6,7-difluoro-4-oxo-1.4-dihydroquinoline-3-cartx>xylic acid, 60 mg of 3-aminoazetidine dihydrochloride. and 120 
mg of N-methylpyrroiidine. arxl the mixture was stirred at 85**C tor 45 minutes. After adding 0.5 ml of ethanol, the mix- 
ture was allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether 
successively to obtain 72 mg of the title compound as a colorless powder. 

35 Melting point: 256 to 258'*C (decomposed) 
^HNMR (de-DMSO) 6 : 

1.90 (s. 3H), 3.69 (m, 1H). 4.03 (m. 2H), 4.66 (m. 2H). 6.57 (brs. 2H). 7.52 (d. J=11Hz. 1H), 7.87 (d. J=14H2. 1H). 
8.47 (s. 1H) 

40 [Example 59] 

Synthesis of 7-f3'(methvlamino)a2etidin '1-vn-1'f6-amino>5'fluoro-3'methvlDvridin -2-vlV8-chloro-6-fluoro-4-oxo-1.4- 
dihydroquinoline-3-cartx)xvlic acid 

[0160] To 90 mg of N.N-dimethyHormamide were added 25 mg of 1-(6-amino-5-fluoro-3-methylpyridin -2-yl)-8-chloro- 
6,7-difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylic acid, 25 mg of 3-(methylamino)azetidine dihydrochloride, and 70 
mg of N-methylpyrrolidine. and the mixture was stirred at 85*'C for 45 minutes. After adding 0.2 ml of ethanol. the mix- 
ture was allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether 
successively to obtain 20 mg of the title compound as a colorless powder. 

Melting point: 251 to 253''C (decomposed) 
^HNMR (de-DMSO) 6 ; 

1.90 (s. 3H). 2.20 (s. 1H). 3.44 (m. 1H). 4.12 (m. 2H). 4.63 (m. 2H). 6.57 (brs. 2H). 7.52 (d. J=11H2. 1H), 7.86 (d, 
J=14H2. 1H).8.47 (s. 1H) 
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[Reference Example 44] 

Synthesis of 6-t-butvtamino-2>chloro-3-cvano-5-f luoropvridlne 

5 [0161] To a solution of 7.6 g of 2.6-dichlorO'3-cyano-5-fluoropyridine in 40 ml acetonitrile was added 8.8 g of t- 
butylamine, and the mixture was stirred overnight at room temperature. The solvent was distilled off the reaction solu- 
tion. The residue was separated by adding methylene chloride and water. The organic layer was dried over magnesium 
sulfate, and the solvent was distilled off to obtain 6 g of the title compound as a pale yellow powder. 

10 Melting point: 84 to 85**C 
^HNMR (CDCl3)5; 

1.50 (s, 9H). 5-15 (brs. 1H), 7.25 (d, J=1 1Hz. 1 H) 
[Reference Example 45] 

75 

SyntflgSi^ of g^^er^^ylaNnp-g't^yinylanr^np-g-ffyanp-g-fluoropyrlcfing 

[0162] To 40 ml of N-methylpyrrolidone solution of 6 g 6-t-butylamino-2-chioro-3-cyanO'5*fluoropyridine was added 
6.3 g of benzylamine, and the mixture was stirred under nitrogen atmosphere at ISO^'C for 3 hours and allowed to cool. 
20 The reaction solution was separated by adding chloroform arKi water, and the organic layer was dried over magnesium 
sulfate, and the solvent was distilled off. The precipitated crystals were collected from the residue by filtration to obtain 
2 g of the title compound as a pale yellow powder. 

Melting point: 138 to 140*C 
25 ^HNMR(CDCl3)8; 

1.38 (s. 9H). 4.63 (d. J=6H2. 2H). 4.87 (brs, 1H). 5.25 (brs. 1H), 7.31 (s. 5H) 

[Reference Example 46] 

30 Synthesis of 2-amino-6-t-butviamino-3-cvanO'5'fluoropyridine 

[0163] To 500 mg of 2-t>enzylamino-6-t-butylamino-3-cyanO'5-fluoropyridine were added 3 ml acetic acid and 0.5 ml 
ethanol, and then. 10 microspatulas of palladium black, arxj the mixture was stirred under hydrogen atmosphere at 
60°C for 2 days. The catalyst was removed with a membrane filter, and the solvent of the filtrate was distilled off. To the 
35 residue was added chloroform, and the mixture was washed with aqueous solution of sodium hydrogencart>onate. The 
organic layer was collected, dried over magnesium sulfate. The solvent was distilled off to ok>tain 300 mg of the title 
compound. 

[Example 60] 

40 

Synthesis of ethyl 1 -(6-t-butvlam ino-3*cvano-5-fluoropvridin -2-vn-8-chloro-6.7-drfluoro-1.4-di hvdro-4-oxoquinotone-3- 
cart>axvlate 

[0164] A solution of 300 mg of unpurified 2-amino-6-t-butylamino-3-cyano-5-fluoropyridine in 2 ml ethanol was added 
45 dropwise to a solution of 420 mg of ethyl 3-ethoxy-2-(3-chloro-2,4.5-trifIuorobenzoyl)acrylate in 2 ml ethanol at room 
temperature, and the mixture was stirred overnight. The solvent was distilled off the reaction solution, and to the residue 
were added 3 ml of N.N-dimethylformamide and 210 mg of potassium cartx>nate. and the mixture was stirred at room 
temperature for 90 minutes and 80''C for 2 hours. The reaction solution was extracted by adding water and ethyl ace- 
tate, and the organic layer was collected and dried over magnesium sulfate. The solvent was distilled off, and the resi- 
st due was collected by filtration using ethanol and washed with diethylether to obtain 280 mg of the titie compound as a 
pale yellow powder. 

Melting point: 245^*0 or higher (decomposed) 
^HNMR(CDCl3)6; 

55 1.39 (s. 9H). 1.41 (t, J=7Hz. 3H). 4.41 (q. J=7H2. 2H). 5.39 (brs. 1H). 743 (d. J=10Hz. 1H). 8.32 (t. J=9Hz. 1H). 

8.53 (s. 1H) 
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[Example 61] 

Synthesis of 1-f6>amino-3-cvano-5-fluoropyridin -2-vn-8>chloro-6.7<lifluoro>1.4-dihvdro-4-oxoquinolone-3-cartx>xvlic 
acid 

5 

[0165] To 280 mg of ethyl 1 -(6-t-butylamino-3-cyano-5-fluoropyridin -2-yl)-8-chloro-6.7-difluoro-1 .4-dihydro-4-oxoqul- 
nolone-S'Carfooxylate was added 3 ml of 12N hydrochloric acid, and the mixture was heated under reflux for 6 hours and 
allowed to cool. The solid precipitate was collected by filtration and washed with ethanol and diethylether successively 
to obtain 120 mg of the title compound as a pale yellow powder. 

10 

Melting point: 277*'C or higher (decomposed) 
^HNMR(d6-DMSO)6; 

8.00 (brs, 2H). 8.21 (d, J=1 1 Hz, 1 H). 8.40 (t. J=9Hz. 1 H). 9.05 (S. 1 H) 
75 [Example 62] 

Synthesis of T-fS-aminoazetidin -1-yl)-1-(6-amino-3'Cyano-5-fiuoropyridin -2-yl)'8-chloro*6-fluorO'1.4-dihydro-4-oxo- 
auinolone-3-carboxvlic acid 

20 [0166] A solution in 300 mg of N.N-dimethylfbrmamide of 40 mg of 3-aminoazetidine dihydrochlorlde and 80 mg of 
triethylamine was stirred at 90*'C, and 50 mg of 1 -(6-amino-3-cyano-5-fluoropyridin -2-yI)-8-chloro-6,7-dif luoro-1 ,4-dihy- 
dro-4-oxoquinolone*3-carboxylic acid was added to the solution, and stirred at 90^C for 10 minutes. To the reaction 
solution was added 1 ml of ethanol, and the solid precipitate was collected and dried to obtain 36 mg of the title com- 
pound as a pale yellow powder. 

25 

Melting point: 290**C or higher 
^HNMR (de-DMSO) 6 : 

4.09 (m. 1H). 4.48 (m. 2H), 4.79 (m. 2H). 7.90-8.06 (m. 3H). 8.16 (d, J=11Hz. 1H). 8.33 (brs, 2H), 8.85 (s. 1H) 
30 [Example 63] 

Synthesis of ethvl 1-f 6-(t-butylamino)-3.5-difluoroDvridin -2-vn-6.7-difluoro-8-methvl>1.4<iihvdro-4-oxoQuinoline-3-car- 
bpxylgte 

35 [01 67] To 3.4 g of ethyl 2,4,5-trrfluoro-3-methylbenzoyiacetate was added 3.2 g of acetic anhydride and 2.3 g of triethyl 
orthoformate. and the mixture was heated under reflux for 4 hours, and the solvent was distilled off. Toluene was added 
to the residue, and the solution was azeotropically distilled. After adding 5 ml of ethanol to the residue, a solution of 2.7 
g of 2-amino-6-(t4xitylamino)-3.5-dtfluoropyridine in 20 ml ethanol was added dropwise at O^'C, and the mixture was 
stirred at room temperature for 20 minutes. The solvent was distilled off the reaction solution, and the residue was sub- 

40 jected to silica gel column chromatography, and from the eluent of ethyl acetate: hexane. 1 :8 was obtained 4.6 g of ethyl 
2-(2,4,5-trifluoro-3-methylbenzoyl)-3-[6-{t-butylamino)-3,5-difluoropyridin -2-yl]aminoacrylate as an oil. 
[0168] To the solution of 4.6 g of the thus obtained ethyl 2-(2.4,5-trifluoro-3-methylbenzpyl)-3-[6-(t-butylamino)-3,5- 
difluoropyridin -2-yl]amtnoacrylate in 10 ml dimethyHbrmamide was added 1 .35 g of potassium cartx>nate. and the mix- 
ture was stirred at 100*^0 for 50 minutes. The reaction solution was extracted by adding water and acetic acid, and the 

45 organic layer was collected and dried over magnesium sulfate. The solvent was distilled off, and the residue was col- 
lected by filtration with ethanol and washed with diethylether to obtain 2.6 g of the title compound as a pale yellow pow- 
der. 

Melting point: 207 to 21 1°C 
so ''HNMR(CDCl3)6; 

1.34-1.48 (m. 12H). 1.82 (d, J=3H2, 3H), 4.40 (q. J=7Hz. 2H). 4.75 (brs. 1H). 723 (t, J=9H2. 1H). 8.22 (t. J=10Hz, 
1H),8.50(s. 1H) 

[Example 64] 

55 

Synthesis of 1-f6-amino-3.5-difiuoroDvridin -2-yl)-6.7-difluoro-8-methyl-1.4-dihydro-4-oxoQuinoline-3-cartK)xylic acid 
[01 69] To 2.5 g of ethyl 1 •[6-(t-butylamino)-3,5-dif luoropyridin -2-yl]-6.7-dtf luoro-8-methyi- 1 .4-dlhydro-4-oxoquinoline- 
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3-carboxylate was added 10 ml of 12N hydrochloric acid, and the mixture was heated overnight under reflux. The reac- 
tion solution was allowed to stand, and the solid precipitate was collected by filtration and washed with ethanol and 
then, with diethylether to obtain 1 .7 g of the title compound as a pale yellow powder. 

5 Melting point: 274 to 277*»C 

^HrsIMR(d6-DMSO)6 ; 

1.84 (s. 3H), 6.91 (brs. 2H), 8.03 (t J=9H2. 1H). 8.25 (t. J=9Hz. 1H). 8,93 (s. 1H) 
[Example 65] 

10 

Synthesis of y-fS-aminoazetidin ■1-yl)-V(6-am ino-3.5-difluQrQpvridin ■2-vlV6-fluoro-8-methvM.4-dihvdrQ>4-QxoQuino- 
line-3-cartx3xvlic acid 

[01701 A solution of 70 mg of 3-aminoazetidine dihydrochloride. 200 mg of 1 ,8-diazabicyclo[5.4,0Jundecene; and 300 
15 mg of pyridine was stirred at 100*'C, and 1 10 mg of 1-(6-amino-3,5-difluoropyridin -2-yl)-6,7-difluoro-8-methyl-1,4-dihy- 
dro-4-oxoquinoline-3-carboxylic acid was added to the solution and the solution was stirred at 100**C for 6 minutes. The 
solvent was distilled off the reaction solution, and to the residue was added one drop of acetic acid and 3 ml of ethanol 
with heating, and the solution was allowed to stand. The solid precipitate was collected and dried to obtain 13 mg of the 
title compound as a pale yellow powder. 

20 

Melting point: 280''C or higher 
^HNMR(d6-DMSO)5; 

1.60 (s, 3H). 3.77 (m, 2H). 3.93 (m. 1H). 4.46 (m. 2H). 6.86 (brs, 2H). 775 (d. J=13Hz. 1H). 7.95 (t. J=9Hz. 1H). 
8.70(8, 1H) 

25 

[Example 66] 

Synthesis of 1 -(e-amino-S.S-dif iuoropyridin ■ 2-yl)-6-fhjoro-8-methvl-7>f3-methvlaminoazetidin -1-ylV1.4-dihvdro-4-oxo- 
Quinolone-3-cartxixvlic acid 

30 

[0171] The title compound (20 mg) was obtained as a pale yellow powder in a similar manner to Example 65 except 
that 180 mg of 1-(6-amino-3.5-difluoropyridin -2-yl)-6.7-dif luoro-8-methyl-1 ,4-dihydro-4-oxoquinoline-3-carboxylic acid 
and 1 10 mg of 3-aminoazetidine dihydrochloride were used. 

35 Melting point: 229''C or higher 
iHNMR(de-DMSO)8: 

1.63 (s. 3H), 2.21 (s, 3H). 3.87 (m. 1H). 4.02 (m, 1H). 4.43 (m. 2H), 6.86 (brs. 2H). 7.75 (d. J=14Hz. 1H), 7.97 (t. 
J=10Hz. 1H),8.71 (s. 1H) 

40 [Example 67] 

Synthesis of 7-(3-amino-3-methvlazetidin -1 -vIVI •f6-amino-3.5-dif luoroovridin -2-vl)-6-fluoro-8-methvM.4-dihvdro^- 
oxoQuinolone-3-carboxvlic acid 

45 [0172] The title compound (60 mg) was obtained as a pale yellow powder in a similar manner to Example 65 except 
that 180 mg of 1-(6-anruno-3.5-difluoropyridin -2-yl)-6.7-difluoro-8-methyl-1.4-dihydro-4-oxoquinoline-3-carboxylic acid 
and 1 10 mg of 3-amino-3-methyiazetidine dihydrochloride were used. 

Melting point: 235**C or higher 
so ^ HNMR (dg-DMSO) 6 ; 

1.37 (s. 3H). 1.62 (s, 3H). 3.87 (m. 1H), 4.08 (m. 3H). 6.85 (brs. 2H). 7.74 (d. J=14Hz. 1H). 7.96 (t, J=10Hz. 1H). 
8.70 (S.1H) 
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[Example 68] 

Synthesis of 1-(6-amino>3.5-difluorooyridin ■2-yn -6.8-diftuoro-7-r3-methviaminoa2etidin -1-vlM-oxo-1.4-dihvdrQquint> 
ljni>.a-carbQXvlic acid 

£ 

[01731 To 200 mg of N.N-dimelhylformamide were added 65 mg 1 -(6-amino-3,5-difluoropyridin -2-yI)-6.7.8-trifiuoro- 
4-oxo-1.4-dihydroquino1lne'3-carboxylic acid, 45 mg of 3-methylaminoazetidine dihydrochlorkJe. and 100 mg of N- 
methylpyrrolidine together with 3 drops of ethanol. and the mixture was stirred at 85**C for 30 minutes. After adding 0.2 
ml of ethanol, the solution was allowed to cool, and the precipitate was collected by f atration and washed with ethanol 
10 and diisopropyiether successively to obtain 52 mg of the title conrpound as a colorless powder. 

Melting point: 262 to 268''C (decomposed) 
■'HNMR(d6-DMSO)6: 

2.19 (s, 3H). 3.52 (m, 1H). 4.01 (m. 2H). 4.44 (m. 2H). 6.75 (brs. 2H), 7.77 (d. J=13H2, 1H). 7.99 (t. J=9Hz. 1H), 
75 8.74 (S.1H) 

[Example 69] 

Synthesis of 1-(6-amino-3.5-difluoroDvridin -2-v n-8>bromo-6-fluoro-7>f3-hvdrDXva2ettdin ■1-vn>4>oxo>1.4-dihvdroQuino- 
20 line-3-carboxviic acid 

[0174] To 270 mg of N,N-dimethylformamide were added 1 10 mg of 1-{6-amino-3,5-difluoropyridin -2-yI)-8-bromo-6.7- 
difluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid, 50 mg of 3-hydroxya2etidine hydrochloride, and 100 mg of N- 
methylpyrrolidine together with 3 drops of ethanol. and the mixture was stirred at 85**C for 25 minutes. After adding 0.5 
25 ml of ethanol, the solution was allowed to cool, and the precipitate was collected by filtration and washed with ethanol 
and diisopropyiether successively to obtain 101 mg of the title conpound as a pale yellow powder. 

Melting point: 215 to 220*>C 
^HNMR (de-DMSO) 8 ; 

30 4.06 (m, 2H), 4.51 (m. 3H). 5.75 (brs. 1 H). 6.76 (brs, 2H). 779 (d. J=13H2. 1 H), 799 (t. J=9Hz. 1H), 8.75 (s. 1 H) 
[Example 70] 

Synthesis of 1 -(6-am!no-3.5<rrf luoropyridin ■2 -yl)-8-chloro-6-fluoro-7-f3-hydroxvazetidin -1-yl)-4-oxo-1.4-dihydroquino- 

35 line-3-cart)o xylic acid 

[0175] To 3.5 g of N,N-dimethylformamide were added 2.00 g of 1-(6-amino-3.5-dif luoropyridin -2-yl)-8-chloro-6,7-dif- 
luoro-4-oxo-1.4-dihydroquinoline-3-cart>oxyltc add. 1.00 g of 3-hydroxyazetidine hydrochloride, and 2.00 g of N-meth- 
yipyrrolidine together vwth 0.2 ml of ethanol, and the mixture was stirred at for 10 minutes. The solvent and the like 
40 were distilled off under reduced pressure. After adding 10 ml of ethanol to the residue, the mixture was heated under 
reflux for 10 minutes and allowed to cool, and the precipitate was collected by filtration and washed with ethanol and 
diisopropyiether successively to obtain 2.10 g of the title compound as a pale yellow powder. 

Melting point: 235 to 238**C 
45 ^HNMR(d6-DMSO)6; 

4.18 (m, 2H), 4.48 (m, 1H), 4.72 (m. 2H). 5.74 (d. J=6Hz. 1H), 6.76 (brs. 2H). 7.86 (d. J=14H2, 1H). 7.95 (t, J=S!Hz. 
1H).8.70(s. 1H) 

[Example 71] 

50 

Synthesis of 1-(6'aminO'3.5-difluoroDvridin -2-vl)-6.8-difiuoro-7-f3-hvdrQxva2etidin -1-vh-4-oxo-1.4-dihvdroQuinoline-3" 

carboxytic acid 

[0176] To 280 mg of N.N-dimethyKormamide were added 1 25 mg 1 -(6-amino-3.5-dif luoropyridin -2-yl)-6.7.8-trifluoro- 
55 4-oxo-1.4<lihydroquinoline-3-cart>oxylic acid, 60 mg of 3-hydroxyazetidine hydrochloride, and 120 mg of N-methylpyr- 
rolidtne together with 3 drops of ethanol. and the mixture was stirred at 85°C for 10 minutes. After adding 0.8 ml of eth- 
anol. the solution was allowed to cool, and the precipitate was collected by filtration and washed with ethanol and 
diisopropyiether successively to obtain 90 mg of the title compound as a pale yellow powder. 
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Melting point: 269 to 272*»C 
^HNMR(dB-DMSO)6 ; 

4.06 (m, 2H), 4.51 (m, 3H). 5.75 (brs. 1H). 6.76 (brs. 2H). 7.79 (d. J=13H2, 1H). 7.99 (t. J=9Hz. 1H). 8.75 (s. 1H) 
5 [Example 72] 

Synthesis of ethvl 8-bromo-1-f6-rt-butvlaminoV5-fluoropvridin >2-Yn-6.7-dtfluQro-4-oxo-1.4-dihvdroQuinoline-3-caftx)xV' 
late 

10 [01 77] To 1 ml of chloroform solution of ethyl 3-ethoxy-2-(3-bromo-2.4.5-trif Iuoroben2oyl)aaylate prepared from 0.65 
g of ethyl 3-bromo-2.4.5-trffluoroben2oylacetate by normal process was added 0.3 g of 2-amino-6-(t-butylamino)-5- 
f luoropyridine. The solution was concentrated under reduced pressure to obtain yellowish orange solid residue. To this 
residue were added 0.4 g of anhydrous potassium cart>onate and 2 ml of N.N-dimethytformamide. and the mixture was 
stirred at 90*^0 for 25 minutes and allowed to cool. The solution was separated by adding 25 ml of chloroform and 400 

15 ml Of distilled water, and the chloroform layer was washed with 400 ml of distilled water, dried over anhydrous magne- 
sium sulfate, and concentrated under reduced pressure. After adding 2 ml of ethanol, the solution was and allowed to 
stand. The precipitate was dispersed in ethanol and collected by filtration, and washed with ethanol and diisopropyl- 
ether successively to obtain 0.53 g of the title compound as a pale yellow powder. 

20 Melting point: 192 to 195''C 

""HNMRCCDCyS: 

1.37 (s, 9H). 1.40 (t. J=7H2. 3H). 4.40 (q. J=7H2, 2H). 4.83 (brs. 1H). 6.50 (dd. J=3H2. 8H2, 1H). 7.24 (dd. J=8H2, 
IOH2. 1H). 8.35 (t. J=9H2. 1H). 8.65 (s. 1H) 

25 [Example 73] 

Synthesis of 1 -(e-amino-S-fluoropyridin -2-yl)-8-bromo-6.7<lifluoro-4-oxo-1.4<lihvdroQuinoline'3-cartx)xvlic acid 

[0178] To 4 ml of the mixed solution (1 :1 ) of 4N hydrochloric acid and acetic acid was added 480 mg of ethyl 8-bromo- 
30 1-[6-(t-butylamino)-5-fluoropyridin -2-yl]-6.7-difluoro-4-oxo-1.4-dihydroquinoline-3-carboxylate, and the mixture was 
heated under reflux with strring for 2 hours. After adding 4 ml of distilled water, the solution was allowed to cool, and 
the precipitate was collected by filtration and washed with ethanol and diisopropytether successively to obtain 345 mg 
of the title compound as a colorless powder. 

35 Melting point: 245 to 251 °C (decomposed) 
^HNMR(d6-DMSO)6; 

6.84-6.92 (m. 3H), 7.64 (dd. J=8H2. IIH2. 1H). 8.40 (t. J=9H2, 1H). 8.79 (S. 1H) 
[Example 74] 

40 

Synthesis of 7-<3-aminoa2etidin -l-vlVI-fe-amino-S-fluoropyridin -2-vl)-8-bromo-6-fluoro-4-oxo-1.4'dihvdroauinoline-3- 
cartx>xvlic acid 

[0179] To 250 mg of N.N-dimethylformamide were added 80 mg of 1 -(6-amino-5-f luoropyridin -2-yl)-8-bromo-6.7-dif- 
45 luoro-4-oxo-1 ,4-dihydroquinoline-3-carboxylic acid. 55 mg of 3-aminoa2etidine dihydrochloride. and 150 mg of N-meth- 
ylpyrrolidine. and the mixture was stirred at 90**C for 1 0 minutes. After adding 0.3 ml of ethanol. the solution was allowed 
to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropytether successively to 
obtain 68 mg of the title compound as a colorless powder. 

so Melting point: 245 to 250''C (decomposed) 
^HNMR (de-DMSO) S ; 

3.72 (m. 1H). 4.02 (m. 2H). 4.67 (m. 2H). 6,73 (dd. J=2H2. 8H2. 1H). 6.82 (brs. 2H). 7.59 (dd. Js8Hz. 10Hz, 1H), 
7.87 (d, J=14Hz. 1H), 8.69 (s, 1H) 

55 
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[Example 75] 

5^ynthesis of 1-(6 amino-5-fluoroDvridin >2-vh-8-bromo-6>fluoro-7-f3>m ethvlaminoazetidin ■1*vl)-4-oxo-1.4-dihvdroauin- 
plinfi-a-carboxvlic acid 

[0180] To 250 mg of N.N-dimethyRormamide were added 80 mg of 1-(6-amino-5-fluoropyridin -2-yl)-8-bromo-6,7-dif- 
luoro-4-oxo-1 .4-dihydroquinoline-3-cart)Oxylic acid. 80 mg of S-methylaminoazetidine dihydrochloride. and 200 mg of 
N-methylpynrolidine. and the mixture was stirred at 85^C for 10 minutes. After adding 0.5 ml of ethanol. the solution was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 66 mg of the title compound as a colorless powder. 

Melting point: 210 to 218°C (decomposed) 
"•hnmr (de-DMSO) 6 : 

2.22 (s. 3H). 3.48 (m. 1H). 4.12 (m, 2H). 4.61 (m. 2H). 6.74 (d, J=10Hz. 2H), 6.81 (brs, 2H), 759 (t. J=10Hz. 1H). 
75 787 (d. J=:14Hz, 1 H), 8.68 (s. 1 H) 

[Reference Example 47] 

Synthesis of 2-am!no-5-chloro-3.6-dif luoropyridtne 

20 

[0181] To 25 ml of methanol were added 2.7 g of 2-amino-4-bromo-5-chloro-3,6-difluoropyridine and 1 .15 g of triethyl- 
amine together with 0.145 g of 10% palladium on carbon, and the mixture was hydrogenated at room temperature for 
1.5 hours. The catalyst was separated by filtration, and the solvent and the like were distilled off under reduced pres- 
sure. To the residue was added 50 ml of chloroform, and the mixture was washed with 30 ml of distilled water. The chlo- 
25 roform layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The resulting 
colorless flake crystals were dispersed in a mixed solution of diisopropylether and n-hexane (1 :2), and collected by fil- 
tration to obtain 1 .62 g of the title compound. 

[Reference Example 48] 

30 

Synthesis of 2-amino-5-chloro-3-fluoro-6-to-meth oxvbenzvlaminotovridine 

[0182] To 2 ml of N-methylpyn-olidone was added 510 mg of 2-amino-5-chloro-3,6-difluoropyridine and 910 mg of p- 
methoxybenzylamine. and the mixture was stirred at 1 50**C for one day, and allowed to cool. After adding a mixed solu- 
35 tion of 60 ml benzene and n-hexane (1 :1 . v/v). the solution was washed twice with 400 ml of distilled water. The organic 
layer was dried over anhydrous magnesium sulfate, and concentrated under reduced pressure to obtain 960 mg of the 
title compound as a brown crude oil. 

""HNMRCCDCys; 

40 3.80 (s. 3H), 4.35 (brs. 2H). 4.50 (m, 2H). 4.86 (brs. 1H). 6.87 (d. J=8Hz. 2H). 7.15 (d. Js=10Hz, 1H), 7.27 (d, J=8Hz. 

2H) 

[Example 76] 

45 Synthesis of ethyl 8-chlorO'1-r5-chloro-3-fiuoro-6-(p-methoxvbenzvlamino)Dvridin -2-vll-6.7-difluoro -4-oxo-1.4-dihvdro- 

qiiinoline-8-cartwyylate 

[0183] To 2 ml chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2.4,5-trifluorobenzoyl)acrylate prepared from 0.56 g 
of ethyl 3-chloro-2,4,5-trifluorot>enzoylacetate by normal process was added 0.66 g of 2-amino-5-chloro-3-fluoro-6-(p- 

50 methoxybenzylamino)pyridine. The solution was concentrated under reduced -pressure. To the residue were added 0.5 
g of anhydrous potassium cartx)nate and 1 .5 ml of N.N-dimethylformamide, and the mixture was stirred at 90**C for 20 
minutes and allowed to cool. The solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, 
and the chloroform layer was washed with 300 ml of distilled water, dried over anhydrous magnesium sulfate, and con- 
centrated under reduced pressure. The solution was allowed to stand after adding 4 ml of ethanol. The precipitate was 

55 collected by filtration, washed with ethanol and diisopropylether successively to obtain 0.56 g of the title compound as 
a pale yellow powder. 

Melting point: 168 to 17rC 
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^HNMR (CDCl3)6; 

1.40 (t J=7Hz, 3H). 3.80 (s. 3H). 4.40 (d. J=7H2. 2H). 4.42 (q. J=7H2. 2H). 5.46 (brs, 1H). 6.83 (d. J=9Hz. 2H), 7.18 
(d, J=9Hz. 2H). 7.53 (d. J=8Hz, 1H). 8,29 (t J=9Hz. 1H), 8.48 (s. 1H) 

5 [Example 77] 

Synthesis of ethvi 1>f6-amino>5-chloro>3-fliJoropvridin -2-v!V 8-chioro-6.7-difluoro-4-oxo-1 ■4-dihvdroQuinoiine-3-cartx)x> 
vlate 

10 [0184] To 530 mg of ethyl 8-chloro-1-t5-chloro-3-fluoro-6-(p-methoxyben2ylamino)pyrldin -2-yl]-6,7-difluoro-4-oxo- 
1 ,4-dihydroquinoline-3-carboxylate was added 2 ml o1 trif luoro acetate, and the solution was allowed to stand for 30 
minutes at room temperature. The solution was concentrated under reduced pressure, and 4 ml of ethanol was added 
to the residue, and the solution was concentrated under reduced pressure. The precipitate was dispersed in ethanol. 
collected by filtration, washed with ethanol and diisopropylether successively to obtain 462 mg of the title compound as 

75 a pale yellow powder. 

Melting point: 186 to 189**C 
1HNMR(CDCI3)6 ; 

1.40 (t. J=:7H2. 3H), 4.40 (q. J==7Hz. 2H). 5.02 (brs, 2H). 7.57 (d, J=8Hz, 2H), 8.30 (t. J=9Hz. 1H). 8.48 (s, 1H) 

20 

[Example 78] 

Synthesis of 1-f6-amino-5-chlQro-3-fluoropyrldin -2-yl)-8- chloro-6.7^ifluQro-4-oxo>1.4-dihvdroQuinolin&-3-carboxvlic 
acid 

25 

[0185] To 2 ml of the mixed solution of 4N hydrochloric acid and acetic acid (1 :1) was added 430 rng of ethyl 1-(6- 
amtno-5-chtoro-3'f iuoropyridin -2-yl)-8-chloro-6.7-difluoro-4-oxo-1 .4-dihydroquinoline-3-cart)Qxylate. and the mixture 
was heated under reflux for 6 hours with stirring and allowed to cool. The precipitate was collected by filtration, and 
washed with ethanol and dfisopropylether successively to obtain 375 mg of the title compound as a colorless powder. 

30 

Melting point: 280**C or higher 
^HNMR (dg-DMSO) 6 ; 

6.86 (brs. 2H). 8.15 (d. J=9Hz, 1H). 8.38 (t. J=^Hz, 1H). 8.95 (s. 1H) 
35 [Example 79] 

Synthesis of 7-(3'amlnoazetidin -1>vlV1-(6-amino-5-chloro-3-fluoroDvridin ■2-vn-8-chloro-6-fluoro-4-oxo-1.4'dihydit)- 
auinoline-3-carboxv!ic acid 

40 [0186] To 280 mg of N.N-dimethylfbrmamide were added 90 mg of 1 -(6-amino-5-chloro-3-f luoropyridin -2-yl)-8-chloro- 
6.7-difluoro-4-Qxo-1.4<lihydroquinoline'3-cartx)xylicacid. 70 mg of 3-aminoazetidinedihydrochloride. and 160 mg of N- 
methylpyrrdidine. and the mixture was stirred at SS'^C for 20 minutes. After adding 0.3 ml of ethanol. the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether succes- 
sively to obtain 50 mg of the title compound as a colorless powder. 

45 

Melting point: 240 to 245''C (decomposed) 
^HNMR (dg-DMSO) 6 ; 

3.71 (m. 1H), 4.06 (m, 2H), 4.66 (m. 2H). 6.79 (brs. 2H), 7.85 (d. J=14H2. 1H), 8.08 (d. J=9Hz. 1H), 8.70 (s. 1H) 
50 [Reference Example 49] 

Synthesis of 2.3.5>trifluQro-6-isopropylaminoDvridine 

[0187] To 20 ml of acetonitrile were added 6.0 g of 2,3.5.6'tetraf luoropyridine and 6.0 g of isopropylamine. and the 
55 mixture was stirred at room temperature for 2 hours and concentrated under reduced pressure. After adding 40 ml of 
chloroform, the solution was washed with 50 ml of 3% aqueous solution of potassium cait)onate. The chloroform layer 
was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 1 .9 g of the title com- 
pound as a colorless oil. 
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[Reference Example 50] 

Rynthesis of 3.SKiifluorQ-2HSODroDvlamino-6 -(D-methoxvben2vlamino^Dyridine 

£ [0188] To 4.1 g of N-methylpyrrolidone were added all amount of the 2,3,5-trifluoro-6-isopropylaminopyridine as 
desaibed above together with 3.1 g of p-methoxybenzylamine. and the mixture was stined at 150**C for 15 hours and 
allowed to cool. After adding 50 ml of the mixed solution of benzene and n-hexane (1 :1 . vAf), the solution was washed 
twice with 400 ml of distilled water. The organic layer was dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure to obtain 3.9 g of the title compound as a brown crude oil. 

10 

[Reference Example 51] 

Synthesis of 2 -amlno-3.5-difluoro-6-tsoDropvlaminopvridine 

75 [0189] To 1 .9 g of 3,5-difluoro-2-isopropylamino-6-(p-methoxybenzylamino)pyridine was added 4 ml of trif luoroace- 
tate. and the mixture was allowed to stand at room temperature for 15 minutes. The solution was concentrated under 
reduced pressure, and 25 ml of chloroform was added to the residue, and the solution was washed with 25 ml of 5% 
aqueous solution of sodium cartxjnate. The chloroform layer was dried over anhydrous magnesium sulfate and concen- 
trated under reduced pressure, and the residue was subjected to column chromatography (silica gel. 40 g; eluent: chlo- 

20 roform) to obtain 0.6 g of the title compound as a brown oil. 

[Example 80] 

Synthesis of ethvl 8>chloro-6,7-difluoro-1*f3.5-difluoro-6-isoproDvlaminoDvridin -2-vn-4-oxo -1 .4-dihvdroQuinoline-3-car- 
25 boxvlate 

[0190] To 2.5 ml of chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2.4.5-trifluorobenzoyl)acrylate prepared from 
0.70 g of ethyl 3-chloro-2,4,5-trifluorobenzoylacetate by normal process was added 600 mg of 2-amino-3.5-difluoro-6- 
isopropylaminopyridine. The solution was concentrated under reduced pressure. To the residue were added 600 mg of 
30 anhydrous potassium cartjonate and 2 ml of N.N-dimethylformamide, and the mixture was stirred at 90*»C for 20 minutes 
and allowed to cool. The solution was separated by adding 30 ml of chloroform and 400 ml of distilled water, and the 
chloroform layer was washed twice with 400 ml of distilled water, dried over anhydrous magnesium sulfate, concen- 
trated under reduced pressure, and allowed to stand. The precipitate was collected by filtration, washed with ethanol 
and diisopropylether successively to obtain 620 mg of the title compound as a pale yellow powder. 

35 

Melting point: 206 to 209*'C 
^HNMR {CDCI3) 8 ; 

1.20 (d. J=7Hz. 3H), 1.24 (d. J=7Hz. 3H). 1.40 (t. J=7Hz. 3H). 4.11 (m. 1H). 4.40 (q. J=7Hz. 2H). 4.60 (brs. 1H), 
7.22 (dd. J=8Hz. 9H2. 1H). 8.32 (dd. J=8H2, lOHz, 1H), 8.49 (S. 1H) 

40 

[Example 81] 

Synthesis of 8-chloro-6.7-dif luoro-1 -^3.5-dif luoro-B-isoDroDylaminooyridin -2-v h-4-oxo-1 ■4-dihydroQuinoline-3-carboxv- 

45 

[0191] To 3 ml of the mixed solution of 4N hydrochloric acid and acetic add (1 :1 , v/v) was added 300 mg of ethyl 8- 
chloro-6.7-difluoro-1-(3,5-difluoro-6-isopropylaminopyridin -2-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylate. and the 
mixture was heated under reflux for 19 hours with stirring. The precipitate was collected by fitttation. washed with eth- 
anol and diisopropylether successively to obtain 265 mg of the title compound as a yellow powder. 

so 

Melting point: 226 to 230*'C 
^HNMR(d6-DMSO)6; 

1 .10 (d. J=7Hz. 3H). 1 .16 (d. J=7Hz, 3H). 3.94 (m. 1 H). 7.02 (brd. J=8Hz. 2H). 7.97 (t. J=9H2. 1 H). 8.39 (t. J=9Hz. 
1H). 8.92 (S. 1H) 
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[Example 82] 

Synthesis of 7-(3-am inoa2etidin -1-vlV8-chloro-6-fluoro-1-(3.5-difiuoro-6HSODroDvla minoDvridin >2-vn-4-oxo>1 .4^ihvd- 
roquinQline-a-carboxvlic acid 

5 

[0192] To 160 mg of N.N-dimethylformamide were acbed 55 mg of 8-chIoro-6,7-dtfluoro-1-(3,5-drfluoro-6-isopro- 
pylaminopyridin -2-yl)-4-oxo-1,4-dihydroquinoline-3-carboxylic add, 35 mg of 3-aminoazetidine dihydrochloride. and 
120 mg of N-melhy!pyrrolidine. and the mixture was stirred at 80**C for 30 minutes. After adding 0.5 m! of ethanol, the 
mixture was allowed to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether 
10 successively to obtain 51 mg of the title compound as a colorless powder. 

Melting point: 220 to 223"C 
^HNMR(d6-DMSO)5: 

1.13 (d, J=7Hz. 3H). 1.16 (d, J=7Hz. 3H), 3.70 (m. 1H), 3.96 (m. 2H). 4.06 (m, 1H). 4.65 (m. 2H), 6.92 (brd, Je7H2, 
15 2H). 7.87 (d, J=:14H2. 1H), 7.92 (t, J=9Hz. 1H), 8.66 (s, 1H) 

[Example 83] 

Synthesis of ethyl 1-[3.5-difluorO'6-(D«methoxvben2vlamino)pyrtdin -2-yn'5.6.7.8-tetrafluoro-4-oxo-1.4-d!hydroquino- 
20 iine-3-carboxvlate 

[0193] To 20 nrd of chloroform solution of ethyl 3-ethoxy-2-pentafluorobenzoylacrytate prepared from 5.6 g of ethyl 
2.3.4,5.6-pentafluorobenzoylacetate by normal process was added 2-amino-3,5-difluoro-6-(p-methoxyben- 
zylamino)pyridine until the disappearance of the ethyl aaylate spot in TLC analysis. The solution was concentrated 

25 under reduced pressure. To the residue were added 4.3 g of anhydrous potassium carbonate and 1 5 ml of N.N-dimeth- 
ylformamide. and the mixture was stirred at 90*^0 for 15 minutes and allowed to cool. The solution was separated by 
adding 100 ml of chloroform and 1 liter of distilled water, and the chloroform layer was washed twice with 1 liter of dis- 
tilled water, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The precipitate was 
dispersed in ethanol. collected by filtration, and washed with ethanol and diisopropylether successively to obtain 6.15 g 

30 of the title compound as a colorless powder. 

Melting point: 203 to 208''C 
iRNMR (CDCyS: 

1.40 (t. J=7Hz, 3H). 3.80 (s, 3H). 4.40 (d. J=7Hz, 2H). 4.42 (q. J=7Hz. 2H). 5.46 (brs. 1H). 6.83 (d. J=9H2. 2H). 7.18 
35 (d. J=9Hz. 2H), 7.53 (d. J=8Hz. 1 H). 8.29 (t. J=9Hz. 1H). 8,48 (s, 1 H) 

[Example £f4] 

Synthesis of ethvl 1-(6-amino-3.5<lifluoropvridin •2-yl>-S.6.7.8-tetrafluoro-4*oxo-1.4-dihvdroquinoline-3»cartx>xvlate 

40 

[0194] To 1080 mg of ethyl 1-[3.5-difluoro-6-(p-methQxybenzylanrdno)pyridln -2-yl]-5.6,7.8-tetrafluoro-4-oxo-1,4-dihy- 
droquinoline-3-cart>oxylate was added 4 ml of trifluoroacetic acid, and the mixture was allowed to starxj at room tem- 
perature for 30 minutes. The solution was concentrated under reduced pressure, and 4 ml of ethanol was added to the 
residue, and the solution was again concentrated under reduced pressure. The precipitate was dispersed in ethanol, 
45 collected by filtration, and washed with ethanol to obtain 960 mg of the title compound as a gray powder. 

Melting point: 223 to 230*»C 

"■hnmr (CDCys: 

1.39 (t, J=7H2, 3H). 4.38 (d. J=7H2. 2H). 4.83 (brs. 2H). 6.83 (d, J=9H2. 2H). 7.35 (t. J=9Hz. 1H). 8.32 (s. 1H) 

so 

[Example 85] 

Synthesis of 1-(6-amino-3.5-difluoroDvrtdin -2-yh-5.6.7.8-tetrafluoro>4-oxo-1 .4-dihydroQuinoline-3-carboxylic acid 

55 [01951 To 2 ml of the mixed solution (1 :1) of 4N hydrochloric acid and acetic add was added 320 mg of ethyl 1-(6- 
amino-3.5<iifluoropyrfdin -2-yl)-5.6.7.8-tetrafluoro*4-oxo-1.4-dihydroqutnoline-3-cartx>xylate. and the mixture was 
heated under reflux for 3 hours with stirring, and allowed to cool. The precipitate was collected by filtration, arxi washed 
with ethano! to obtain 280 mg of the title cornpound as a colorless powder. 
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Melting point: 236 to 242°C 
''HNMR(d6-DMSO)6: 

6.82 (brs. 2H), 8.03 (t J=9H2 1H), 8.92 (s, 1H) 
£ [Example 86] 

Synthesis of 7-(3>aminoa2etidin -1>vlM-(6-amino-3.5-difluoroDvridin >2>vl^5.6.8-trifluoro-4-oxO'1 ■4-dihvdroQuinoline>3- 
p^rty)XYlip 

10 [0196] To 300 nug of N.N-dinnethylfornriamide were added 100 mg of 1-(6-amino-3.5-dHluoropyridin -2-yl)-5,6,7,8- 
tetrafluoro-4-oxo-1.4<lihydroquinoiine-3-cail3Qxylic acid, 70 mg of 3-aminoazetidine dihydrochloride, and 150 mg of N- 
methylpyrrolidine, and the mixture was stirred at SO^'C for 30 minutes. After adding 0.3 ml of ethanol. the mixture was 
allowed to cool, and the precipitate was collected by filtration and washed with ethanol and cSisopropylether succes- 
sively to obtain 50 mg of the title compound as a pale yellow powder. 

IS 

Melting point: 264 to 271*0 (decomposed) 
^HNMR(d6-DMSO)6 ; 

3.77 (m. 1H). 3.96 (m. 2H). 4.46 (m. 2H), 6.75 (brs. 2H). 7.97 (t. J=9H2, 1H), 8.66 (s. 1H) 
20 [Example 87] 

Synthesis of ethyl 5-benzylamino-1-[3.S-diftuoro-6-(p-methoxybenzylamino)pyridin -2-yl]-6.7.8-trifluoro«4-oxo-1.4-dihy> 
droquinollne-3-cart3Qxylate 

25 [0197] To 8 ml of toluene were added 1 .58 g of ethyl 1 -I3,5-diffluoro-6-(p-methoxybenzylamino)pyrldin -2-yl]-5,6.7.8- 
tetrafluoro-4-oxo-1 .4-dihydroquinoline-3-carbQxylate together with 0.68 g of benzylamine. and the mixture was stirred 
at 1 lO'^C for 20 minutes and allowed to cool. After adding 15 ml of toluene and 15 ml of n-hexane. the mixture was 
washed twice with 300 ml of distilled water. The organic layer was dried over anhydrous magnesium sulfate, and con- 
centrated under reduced pressure. To the residue was added 4 ml off ethanol* and the solution was allowed to stand, 

30 and the precipitate was collected by filtration and washed with ethanol to obtain 1 .20 g of the title compound as a yellow 
powder. 

Melting point: 146 to 148<*C 
^HNMR (CDCI3) 6 : 

35 1.37 (t. J=7Hz. 3H), 3.79 (s, 3H). 4.37 (q. J=7Hz. 2H). 4.47 (brs, 1H), 4.68 (m, 2H), 5.01 (brs, 1H), 6,84 (d. J=9Hz. 

2H). 7.16-7.40 (m. 10H), 8.22 (s. 1H) 

[Example 88] 

40 Synthesis of ethyl 1 -(6>am inQ-3.5-dif luoroovridin -2-vh-5-benzvlamino-6.7.8-trifluorQ-4-oxo-1.4-d!hvdroauinoline-3-car- 
boxviate 

[0198] To 600 mg of ethyl 5-benzylamino-1 -[3,5-difluoro-6-(p-methoxybenzylamirx>)pyridin -2-yl]-6,7.8-trifluoro-4-oxo- 
1 ,4-dihydroquinoline-3-carboxylate was added 2 ml of trifluoroacetic add, and the mixture was allowed to stand at room 
45 temperature for 20 minutes. The solution was concentrated under reduced pressure, and 3 ml of ethanol was added to 
the residue, and the solution was again concentrated under reduced pressure. The precipitate was dispersed in etha- 
nol, collected by filtration and washed with ethanol to obtain 530 mg of the title compound as a yellow powder. 

Melting point: 176 to 180*C 
so ^HNMR(CDCl3)6; 

1.36 (t J=7Hz. 3H). 4.36 (q, J=7Hz. 2H). 4.47 (brs, 1H), 4.68 (d. J=4Hz. 2H). 4.74 (brs. 1H). 6.84 (d. J=9Hz. 2H), 
7.24-7.40 (m. 6H). 8.21 (s. 1H) 
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[Example 89] 

Synthesis of ethvl S-amino-1-f6'aminO'3.5-difliJoroDvridin ■2-vl>-6.7.8-trifluoro«4-oxo-1.4-dihvdroauinoline-3'Carboxv- 
late 

[0199] To 5 ml of acetic acid was added 260 mg of ethyl 1-(6-amino-3.5-difluoropyridin -2-yl)-5-ben2ylamino-6.7,8- 
trifluoro-4-oxo-1.4-dihydroquinoline-3-carboxylate together with 50 mg of 10% palladium on carbon, and the mixture 
was hydrogenated at room temperature for 4 hours. The catalyst was separated by filtration, arxJ the solvern and the 
like were distilled off under reduced pressure. The procedure of adding 10 ml of ethanot to the residue and concentrat- 
10 ing under reduced pressure was repeated twice. The precipitate was dispersed in ethanol, collected by filtration, and 
washed with ethanol and diisopropylether successively to obtain 1 60 mg of the title compound as a pale yellow powder. 

Melting point: 225 to 230''C 
^HNMR (CDCl3)6: 

15 1.38 (t J=7Hz, 3H). 4.38 (q. J=7H2, 2H), 4.73 (brs, 2H). 4.68 (d. J=4H2. 2H). 6.8 (brs. 2H), 6.84 (d. J=9Hz. 2H), 

7.32 (t, J=9H2, 1H). 8.25 (s. 1H) 

[Example 90] 

20 Synthesis of S>amino-1-f6-amino-3.5-difluoropvridin -2-vn-6.7.8-trifiuoro-4-oxo-1.4-dihvdroQuinoline-3-carboxvlic add 

[0200] To 1 .5 ml of the mixed solution (1 :1) of 4N hydrochloric acid and acetic acid was added 145 mg of ethyl 5- 
amino-1-(6-aminO'3.5-diftuoropyridin -2-yl)-6.7.8-trifluoro-4-oxo-1.4<lihydroquinoline-3-cart30xylate, and the mixture 
was heated under rellux for 17 hours with stirring and allowed to cool. The precipitate was collected by filtration, and 
25 washed with ethanol and to obtain 129 mg of the title compound as a yellow powder. 

^HNMR(ds-DMSO)6: 

6.78 (brs. 2H). 7.75 (brs. 1H). 7.99 (t. J=9H2. 1 H). 8.77 (s. 1H) 
30 [Exanple 91] 

Synthesis of 5-amino-7-(3-aminoa2etidin -l-vn'l-rs^amino-S.S-drfluoropyridin '2'yl)-6.8-difluoro-4-oxo-1.4<lihydroquin' 
oline'3-cart30xvlic acid 

35 [0201] To 210 mg of N.N-dimethylformamide were added 50 mg of 5-amino-1-(6-amino-3.5-difluoropyridin -2-yl)- 
6.7.8-trifluoro-4-oxo*1 .4-dihydroquinoline-3-cart>oxylic acid, 40 mg of 3-aminoazetidine dihydrochloride. and 150 mg of 
N-methylpyrrolidine. and the mixture was stirred at 90*^0 for 1 hour, and concentrated under reduced pressure. The pro- 
cedure of adding 2 ml of diisopropylether to the residue, stimng and decanting was repeated twice. 2 ml of ethanol and 
40 mg of N-methylpyrrolidine were added to the residue, and the mixture was allowed to stand overnight and the pre- 

40 cipitate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 26 mg of the title 
compound as a pale yellow powder. 

Melting point: 205 to 210**C (decomposed) 
^HNMR (dg-DMSO) 6 ; 

45 3.72 (m. 1H). 3.88 (m, 2H). 4.37 (m. 2H). 6.71 (brs, 2H). 7.23 (brs. 2H). 7.94 (t. J=9H2. 1H). 8.50 (s. 1H) 

[Example 92] 

Synthesis of ethyl 1-f6-t-butvlamino-3.5-difluoroDvridin -2-v l)-8-chloro-6.7-difluoro-S-nitro-4-oxo>1.4-dihvdroquinolin6- 
50 3-carboxylate 

[0202] To 10 ml of chloroform solution of ethyl 3-ethoxy-2-(3-chloro-2,4.5-trifluoro-6-nitroben2oyl)acrylate prepared 
from 3.25 g of ethyl 3-chloro-2.4.5-trifluoro-6-nitrobenzoylacetate by normal process was added 2.14 g of 2-amino-3.5- 
dif luoro-6-t-butylaminopyridine. The solution was concentrated under reduced pressure, and to the residue were added 
55 2.7 g of anhydrous potassium carbonate and 10 ml of N.N-dlmethylformamide. and the mixture was stirred at 90''C for 
5 minutes and allowed to cool. The solution was separated by adding 1 00 mt of chloroform arxJ 500 ml of 2% aqueous 
solution of citric acid, and the chloroform layer was washed twice with 500 ml of 2% aqueous solution of citric acid, dried 
over anhydrous magnesium sulfate, and concentrated under reduced pressure. The precipitate was dispersed in etha- 
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nol collected by filtration, washed with ethanol and ditsopropylether successively to obtain 3.13 g of the title compound 
as a pale yellow powder. 

Melting point: 215 to 21 TO 
5 ^HNMR(CDCl3)6; 

1 .37 (t, J=7H2, 3H). 1 .39 (s. 9H). 4.39 (q. J=7Hz. 2H). 4.77 (brs. 1 H). 7.24 (t. J=8H2. 1 H), 8.35 (t. J=9H2. 1 H), 8.52 
(S. 1H) 

[Example 93] 

10 

5^vnthesis of S-amino-1-(6-amino-3.5-dtffluoropyridin -2«vh-8-chloro-6.7-difluoro^-oxo>1.4-dfhvdroquiriQline-3-cart)Oxv- 
iic add 

[0203] To 10 ml of formic acid was added 960 mg of ethyl 1-(6-t-butylamino-3.5-difluoropyridin -2-yl)-8-chloro^.7-dif- 
75 luoro-5'nitro-4-oxo-1 ,4-dihydroquinorine-3-cari30xylate together with 1 .0 g of iron powder, and the mixture was stirred at 
80 to 90**C for 5 hours and 40 minutes. The insoluble content was separated by filtration through celite, and the content 
sepiarated by the celite and the ceiite were washed with formic acid and chloroform. The filtrate and the washings were 
concentrated under reduced pressure. To the residue was added the 6 ml of the mixed solution of 4N hydrochloric acid 
and acetic acid (1 :1). and the mixture was heated under reflux for 2 hours with stirring and allowed to cool. The precip- 
20 itate was collected by filtration and washed with ethanol and diisopropylether successively to obtain 625 mg of the title 
compound as a yellow powder. 

Melting point: 280*C or higher 
■•HNMRCde-DMSOlS: 
2S 6.77 (brs. 2H). 7.94 (t, J=9Hz. 1 H). 8.20 (brs. 2H). 8.70 (s. 1 H) 

[Example 94] 

Synthesis of 5-amino-7-(3-aminoa2etidin -1-vlV1-(6'amino-3.5-difluoropvridin -2-vl>-8-chtoro-6'fluoro-4-Qxo-1 .4-dihvd' 
30 roauinoline-3-cartx)xvlic acid 

[0204] To 550 mg of pyridine were added 185 mg of 5-amino-1-(6-amino-3.5-clifluoropyridin -2-yl)-8-chloro-6.7-dif- 
luoro-4-oxo-1.4<lihydroquinoline'3-cartxsxylic acid, 110 mg of 3'aminoazetidine dihydrochloride. and 200 mg of N- 
methylpyrrolidine. and the mixture was stirred at 1 00*^0 for 30 minutes, and concentrated under reduced pressure. After 
35 adding 2 ml of ethanol. the mixture was stirred, and the precipitate was collected by filtration and washed with ethanol 
and diisoprofi^lether successively to obtain 48 mg of the title compound as a yellow powder. 

^HNMR(d6-DMSO)5; 

3.83 (m. 1H). 4.14 (m. 2H). 4.61 (m. 2H). 6.71 (brs. 2H). 7.52 (brs. 2H). 7.89 (t. J=9Hz. 1H). 8.51 (s. 1H) 

40 

[Example 95] 

Synthesis of ethvl 6.7-difluoro-1-f3.5-difluoro-6-D-methDxvbenzvlaminoDvridin ■2-vn-8-methvl-5-nitro-1 .4-dihvdro-4- 
oxoquinoline-3-carboxvlate 

45 

[0205] To 5.0 g of ethyl 3,4.6-trifluoro-5-methyl-2-nitrobenzoyiacetate were added 1 1 .5 g of acetic anhydride and 4.7 
g of triethyl orthotormate, arxJ the mixture was heated under reflux for 1.5 hours. Tbe reaction solution was allowed to 
cool, and the reagent and the like were distilled off, and toluene was added to the residue for azeotropic distillation. The 
residue was added to 10 ml of ethanol. and a solution of 5.0 g of 2-amino-3,5-difluoro-6-(p-methoxybenzylamino)pyrid- 

50 ine in 15 ml of ethanol was added dropwise to the mixture in an ice balh and the mixture was stirred at room tempera- 
ture for 10 minutes. The solvent was distilled off the reaction solution, and the residue was subjected to silica gel column 
chromatography to obtain 7.1 g of oil from the fractions eluted by ethyl acetate: hexane. 1 : 10. To 7.0 g of this oil were 
added 10 ml of N.N<iimethyIformamide and 2.0 g of potassium carbonate, and the mixture was stirred at 70^C for 30 
minutes. To the reaction solution was added ethyl acetate and water, and the organic layer was separated and dried 

55 over magnesium sulfate The solvent was distilled off and ethanol was added to the residue to disperse the solid content 
for collection by filtration to thereby obtain 1 .5 g of the title compound as a pale yellow powder. 

Melting point: 225 to 227°C 
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^HNMR (CDCyS; 

1.37 (t J=7Hz. 3H), 1.68 (d, J=3H2. 3H). 3.81 (s. 3H). 4.39 (q. J=7H2. 2H), 4.45 (s, 2H), 5.29 (brs. 1H). 6.83 (d. 
J=8Hz. 2H). 7.17 (d, J=8H2, 2H). 7.31 (t. J=9H2, 1H). 8.45 (s. 1H) 

5 [Exanple 96] 

Synthesis of ethvl 5-amino-6.7<itfluoroO-(3.5-difluorO"6-i>methoxvbenzvlaminoDvridin -2-vl>'8-methvt-1.4-dihvdro-4> 
oxoQuinoline-3-carboxvlate 

10 [0206] To 10 ml of acetic add solution of 1 .7 g of ethyl 6,7-difluoro-1-(4,6-difluoro-3-p-methoxybenzylaminopyridin - 
2-yl)-8-methyl-5-nrtro-l.4'dihydro-4-oxoquinoline-3-cart>oxylate was added 1.4 g of iron powder, and the mixture was 
heated and stirred at SO^'C for 4 hours and 40 minutes. The catalyst in the reaction solution was removed by f etration, 
and the solvent in the filtrate was distilled off. The residue was subjected to silica gel column chromatography. The frac- 
tion eiuted by chloroform: methanol. 10:1 was concentrated, and ethanol was added to the residue. The powder precip- 

75 itate was collected by filtration to obtain 1 .3 g of the title compound as a pate brown powder. 

Melting point: 150 to 153'>C 
iHNMR(d6-DMSO)S; 

1.24 (t. J=7H2. 3H). 1.30 (s. 3H). 3.71 (s. 3H). 4.20 (q. .J=7H2. 2H). 4.33 (dd. J=5Hz. 12Hz. 2H). 6.76 (d. J=8H2, 
20 2H), 7.14 (d, J=8Hz. 2H). 7.85 (brs. 1H), 7.93 (t. J^IOHz. 1H). 8.27 (s, 1H) 

[Exanple 97] 

Synthesis of S>amino-1-f6-amino>3.5-difluoropvrldin -2-vh-6.7-difluoro-8-methyl-1.4-dihvdro-4-oxoQuinolin e-3-cart>oxv- 
25 lie acid 

[0207] To 0.99 g of ethyl 5-amino-6.7-difluoro-1-(3.5-diftuoro-6-p-methoxybenzylaminopyridin -2-yl)-8-methyl-1.4- 
dihydro-4*oxoquinoline-3-carboxylate was added 10 ml of 12N hydrochloric add. and the mixture was heated under 
reflux for 10 hours. The reaction solution was allowed to cool, and the solid content was collected by filtration. The solid 
30 content was washed with ethanol, and then, with diethylether to obtain 880 mg of the title compound as a yellow pow- 
der. 

Melting point: 250**C or higher (decomposed) 
^HNMR(d6-DMSO)5; 
35 1 .60 (s. 3H), 6.80 (brs. 2H), 7.96 (t. J=9Hz, 1 H). 8.69 (s, 1 H) 

[Reference Example 52] 

Synthesis of 2«amino*4-bromo-5-chloro-3.6<iif luoroovridine 

40 

[0208] To 20 ml of acetonitrile were added 4.9 g of 4-bronrK>-3-chloro-2.5.6-trifluoropyridine and 4 ml of 25% aqueous 
solution of ammonia, arxj the mixture was stirred at 55**C for 2 hours. The solvent and the like were distilled off under 
reduced pressure. 50 ml of chloroform was added to the residue, and the solution was washed with 50 ml of distilled 
water. The chloroform layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. 
45 The residue was dispersed in the mixed solution of diisopropylether and n-hexane and collected by filtration to obtain 
3.8 g of the title compound as pale yellow needle crystals. 

[Reference Example 53] 

so Synthesis of 2-amino-4-bromo-5-chloro-3-fiuoro-6-M . 1 .3.3>t etramethylbutylamino)pyridine 

[0209] To 6 ml of N-methylpyrrolidone were added 2.4 g of 2-amino-4-bromo-5-chloro-3,6*difluoropyridine and 3.5 g 
of 1.1.3.3-tetramethylbutylamine. and the mixture was stin-ed at 140*^0 for 82 hours and allowed to cool. 50 ml of the 
mixed solution of benzene and n-hexane (1 :1. v/v) was added, and the solution was washed twice with 400 ml of dis- 
ss tilled water. The organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. 
The brown oily residue was subjected to column chromatography (silica gel. 30 g; eluent: chloroformin-hexane, 1 :1) to 
obtain 1 .6 g of the title compound as a colorless oily residue. 
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[Reference Example 54] 

Rynthesis of 2-amino>3-fluoro-6-(1.1.3.3-tetrame thvlbLitvlamino^Dvridine 

5 [0210] To 10 ml of methanol were added 1.6 g of 2-amirK>-4-bromo-5-chloro-3-fluoro-6-(1.1.3,3-tetramelhyl- 
butylamino)pyridine together with 0.47 g of triethylamine and 0.09 g o1 10% palladium on carbon, and the mixture was 
hydrogenated at room temperature for 39 hours. The catalyst was separated by filtration, and the solvent and the like 
were distilled off under reduced pressure. To the residue was added 50 ml of chloroform, and the mixture was washed 
with 50 ml of distilled water. The chloroform layer was dried over anhydrous magnesium sulfate and concentrated under 

10 reduced pressure. The residue was subjected to chromatography (silica gel. 25 g; eluent: chloroform) to obtain 0.75 g 
of 2-amino-3-fluoro-6-(i.l.3.3-tetramethylbutylamino)pyridine as a pale brown oil. and 0.2 g of 2-amino-4-bromo-3-. 
fluoro-6-(1.1,3,3-tetramethylbutylamino)pyridine as a brown oil. 

[Example 98] 

15 

Synthesis of ethvl 1>f3-fluQrQ-6-n .1 .S.S-tetram ethvlbutvlamino^Dvridtn •2-vn-8-chlQrQ-6.7-difluorQ-4-QXO-1 .4-dlhvdrQqui- 
noline-3-caibQxvlate 

[021 11 To 3 mi chloroform solution of ethyl 3-ethoxy-2-(3-chIoro-2.4.5-triffluorobenzoyl)acrylate prepared from 0.84 g 
20 of ethyl 3-chloro-2,4.5-trifluorobenzoylacetate by normal process was added 0.75 g of 2-amino-3-fluoro-6-(1.1,3.3- 
tetramethylbutylamino)pyridine. The solution was concentrated under reduced pressure, and to the residue were added 
0.85 g of anhydrous potassium cartx>nate and 1.5 mi of N.N<limethytformamide. and the mixture was stirred at gO^'C 
for 1 hour and allowed to cooi. The solution was separated by adding 30 ml of chloroform and 300 ml of distilled water, 
and the chloroform layer was washed twice with 300 ml of distilled water, dried over anhydrous magnesium sulfate, and 
25 concentrated under reduced pressure. The precipitate was collected by filtration arid washed with ethanol and diisopro- 
pylether successively to obtain 0.45 g of the title compound as a pale yellow powder. 

Melting point: 178 to 180*'C 

30 ^HNMR(CDCl3)6; 

0.96(3. 9H), 1.41 (m.9H). 1.77 (dd. J=15H2, 22Hz. 2H), 4.42 (q, J=7H2. 2H). 4.53 (brs. 1H). 6.44 (dd. J=3H2. 9Hz.1H), 
7.30 (t. J=9Hz, 1H). 8.30 (t, J=9H2. 1H). 8.56 (s, 1H) 

[Example 99] 

35 

Synthesis of 1-f6-amino-3-fluoropyridin -2-vn-8-chloro-6.7- difluoro-4-oxo-1.4-dihvdroQuinoline-3-carboxvlic acid 

[021 2] To 1 .2 ml of the mixed solution of 4N hydrochloric acid and acetate (1 :1 ) was added 235 mg of ethyl 1 -[3-f luoro- 
6-(1 .1 .3,3-tetramethylbutylamino)pyridin -2-yl]-8-chloro-6.7-dif luoro-4-oxo-1 ,4<lihydroquinoline-3-carboxylate and the 
40 mixture was heated under reflux for 6 hours with stirring and allowed to cool. The precipitate was collected by filtration 
and washed witii ethanol to obtain 145 mg of the title compound as a gray powder. 

Melting point: 228 to 230*^0 
^HNMR(d6-DMSO)6: 
45 6.70 (dd. J=3Hz. 9H2. 1 H). 7.66 (t. J=9H2. 1 H). 8.38 (t. J=9Hz, 1 H). 8.87 (s. 1 H) 

[Example 100] 

Synthesis of 7'(3>amirx>azetidin ■1»vl>-1>r6-amino-3-fiuoroDyridin ■2-vn-8'Chloro-6-fluoro-4-oxo-1.4-dihvdroQuinoline-3- 
£0 carboxylic acid 

[0213] To 190 mg of N,N-dime1hylformamide were added 57 mg of 1-(6-amino-3-fluoropyridin -2-yl)-8-chloro-6.7-d!f- 
luoro-4-oxo-1 .4-dihydroquinoline-3-carboxyIic add, 37 mg of 3-aminoazetidine dihydrochloride. and 100 mg of N-meth- 
ylpyrrolidine, and the mixture was stirred at 90**C for 30 minutes. After adding 0.2 ml of ethanol. the mixture was allowed 
55 to cool, and the precipitate was collected by filtration and washed with ethanol and diisopropylether successively to 
obtain 40 mg of the titie conrpound as a colorless powder. 

Melting point: 250 to 255*^0 (decomposed) 
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''HNMR(d5-DMSO)6; 

3.71 (m. 1H), 4.04 (m, 2H). 4.67 (m, 2H). 6.44 (brs. 2H). 6.62 (dd. J=3H2. 9H2. 1H), 7.61 (d. J=9Hz. 1H), 7.85 (t. 
JsUHz, 1H). 8.63 (s. 1H) 

5 [Example 101] 

Synthesis of 5-aminO"1-f6-aminO'3.5<lrfluoroDvridin '2-vn-8'Chloro-6-fluorO'7-(3-methvlaminoazetidin -1-vl)-4-oxo-1.4> 
dihvdroQuinoline-3-carboxvlic acid 

70 [0214] To 300 mg of pyridine were added 120 mg of 5-amino-1-{6-amino-3.5<lifluoropyridin -2-yl)-8-chloro-6.7<iif- 
luoro-4-oxo-1,4<lihydroquinoline-3-cart)oxylic acid, 80 mg of S-methylaminoazetidine diacetate, and 250 mg of N-meth- 
ylpyrroiidine, and the mixture was stirred at lOO^'C for 10 minutes. After adding 5 ml of diethylether. the mixture was 
stirred and allowed to cool for l hour, and decanted. 2 ml of ethanol was added and the mixture was stirred. The pre- 
cipitate was collected by filtration and washed with ethanol and diethylether successively to obtain 72 mg of the title 

75 compound as a yellow powder. 

Melting point: 204 to 213''C 
''HNMR(d6-DMSO)6; 

2.02 (s, 3H), 4.05 (m, 2H). 4.57 (m. 2H). 6.70 (brs, 2H), 7.48 (brs. 1H). 7.89 (t. J=10Hz. 1H), 8.49 (s. 1H) 

20 

[Example 102] 

Synthesis of 5-amino-1-f6-amino>3.5-difluoropyridin >2-vn-8-chlorQ-6-fluoro-7-f3>hvdroxvaminoa2etidin -1-vlM-oxo- 
1 .4-dihvdroouinoline-3-carboxvlic acid 

25 

[0215] To 300 mg of pyridine were added 120 mg of 5-amino-1-(6-amino-3.5-difluoropyridin -2-yl)-8-chloro-6.7-dif- 
luoro-4-oxo-1 .4-dihydroquinoline-3-carboxylic acid, 80 mg of S-hydroxyaminoazelidine hydrochloride, and 250 mg of N- 
methylpyrrolidine. and the mixture was stirred at 1 0O'^C for 3 minutes. After adding 5 ml of diethylether. the mixture was 
allowed to stand for 1 hour and decanted. 2 ml of ethanol was added and the mixture was stirred. The precipitate was 
30 collected by filtration and washed with ethanol and diethylether successively to obtain 64 mg of the title compound as 
a yellow pcwvder. 

Melting point: 267 to 290°C (decomposed) 
"•hNMR (d6-DMSO)6 ; 

35 4.09 (m. 2H), 4.45 (m. 1 H). 4.63 (m. 2H). 5.69 (d. J=:6Hz. 1 H), 6.71 (brs. 2H). 7.48 (brs. 1 H). 7.89 (t, J«10Hz, 1 H). 
8.51 (s. 1H) 

(1) Antibacterial action 

40 [0216] The compounds of the Examples 9. 10. 12 and 39 as described above were evaluated for their minimum 
growth inhibitory concentration (MIC. Mg/ml) in accordance with the standard method of Japan Chemotherapy Society 
(Chemotherapy 29(1). 76. 1981) using the standard strains (S. aureus 209P, S. epidermidis 1F012293, R aeruginosa 
IFO 3445). The results are shown in Table 1. It should be noted that ciprofloxacin, levofloxacin, sparfioxacin and tosuf- 
loxactn which are conventional ctfitibacteriats were also ev£duated for their minimum growth inhibitory concentration 

45 (MIC. pg/nil) for the purpose of comparison. The results are also shown in Table 1 . 



Table 1 



Compound 


S. aureus 


S. epidermidis 


P. aeruginosa 


Compound of Ex. 9 


<0.013 


0.025 


0.05 


Compound of Ex. 10 


<0.013 


0.025 


0.10 


Compound of Ex. 12 


<0.013 


<0.013 


0.39 


Compound of Ex. 39 


<:0.013 


0.025 


0.05 


Ciprofloxacin 


0.10 


0.39 


0.20 


Levofloxacin 


0.10 


0.39 


0.39 
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Table 1 (continued) 



Compound 


S. aureus 


S. eptdermidis 


P. aeruginosa 


Sparfloxacin 


0.10 


0.20 


0.78 


Tosufloxacin 


0.05 


0.20 


0.39 



[0217] The results shown in Table 1 reveal that the compounds of the present invention has excellent antibacterial 
activities superior to those of the conventional antibacterials. 

10 

(2) Phototoxicity test 

[0218] The compounds of the Examples 9. 10. 12 and 39 as described above were subjected to phototoxicity test by 
the procedure as described below. 

75 [0219] Female ICR mice (5 to 6 week old) were intravenously administered with the test compound (40 mg/kg/10 ml), 
and irradiated with UV (320 to 400 nm, 1 .8 mW/cm^/sec) for 4 hours. Abnormality in the ears was monitored at 0 hour 
(immediately after the irradiation) and after 24 and 48 hours. The ear abnormality was evaluated by the following crite- 
ria: no abnormality (0 point), very slight erythema (1 point), well defined erythema (2 points), moderate to severe ery- 
thema and edema formation (3 points). The results are shown in Table 2. Tosufloxacin which is a conventional known 

20 antibacterial agent was also tested in a similar way for the purpose of comparison. The results are also shown in Tat)le 
2. 



Table 2 



Compound 


0 hour (point, occur- 
rence) 


24 hours 


48 hours 


Compound of Ex. 9 


0.0/3 


0.0/3 


0. 0/3 


Compound of Ex. 10 


0. 0/3 


0.0/3 


0. 0/3 


Compound of Ex. 12 


0. 0/3 


0.0/3 


0. 0/3 


Compound of Ex. 39 


0. 0/3 


0,0/3 


0. 0/3 


Tosufloxacin 


1.8,4/5 


0.8. 4/5 


0.2 1/5 



35 

[0220] The results shown in Table 2 demonstrate that the compounds of the present invention have very low toxicity. 
Claims 

40 1 , A pyridonecarboxylic acid derivative represented by the following general formula (1 ) or its salt. 



45 



so 




(1) 



[In the formula. R'' represents hydrogen atom or a carboxyl protective group: represents hydroxyl group, a lower 
alkoxy group, or a substituted or unsubstituted amino group; R^ represents hydrogen atom or a halogen atom; R^ 
represents hydrogen atom or a halogen atom; R^ represents a halogen atom or an optionally substituted saturated 
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cyclic amino group; represents hydrogen atom, a halogen atom, nitro group, or an optionally protected amino 
group; X, Y and 2 may be the same or different and respectively represent nitrogen atom. -CH= or -CR^s (wherein 
R^ represents a lower alkyi group, a halogen atom, or cyano group) (with the proviso that at least one of X. Y and 
Z represent the nitrogen atom), and W represents nitrogen atom or -CR^= (wherein R® represents hydrogen atom, 
a halogen atom, or a lower alkyI group.)] 

An antibacterial agent containing the pyridonecarboxylic acid derivative or the salt thereof of claim 1 as its effective 
component. 

70 
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